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ABSTRACT 


TMs  Final  Report  describes  the  progress  made  in  analysis,  development 
and  evaluation  of  a  subreflector  array  illumination  control  technique.  Hie  subreflector 
array  technique  is  used  in  conjunction  with  a  parabolic  reflector  and  feed  horn  to  reduce 
antenna  noise  temperature  while  providing  increased  antenna  efficiency.  This  report 
includes  the  results  of  a  model  test  program  which  indicates  a  model  efficiency  of  68 
percent  and  a  noise  temperature  of  27  degrees  kelvin  over  a  5  percent  X-Band  frequency 
ranges  Discussion  also  includes  a  focal  fed  lens  array  design  and  application  to 
conical  scanning  and  monopulse  systems. 
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EVALUATION 


Ac  inverse  taper  producing  subreflector  array  technique  used  to 
replace  the  hyperbolic  subre fleeter  in  a  Cassegrain  antenna  systems  vas 
further  investigated  and  developed  during  this  continuation  effort  to 
achieve  improved  antenna  efficiency,  noise  temperature  and  radiation 
characteristics.  Hie  subre fleeter  array  used  in  the  Cassegrain  config¬ 
uration  is  designed  to  transfora  a  tapered  feed  pattern  function  into  a 
nearly  uni fora  again  parabolic  reflector  aperture  Illumination  function. 

Hie  initial  2-band  breadboard  model  antenna  constructed  water  a 
prior  study  program  provided  satisfactory  radiation  pattern  characteris¬ 
tics  in  only  one  of  tvo  principal  planes.  Large  pattern  perturbttion 
errors  exhibited  in  the  orthogonal  plane  of  the  antenna  resulted  in  de¬ 
gradation  of  the  overall  model  gain  and  noise  temperature  performance 
levels.  This  vas  attributed  to  high  surface  coupling  between  adjacent 
cells  in  that  plane  of  the  subreflector  array  structure.  The  model  con¬ 
sisted  of  a  10  ft.  main  parabolic  reflector  vitfa  a  multi cellular ,  polar¬ 
ization  independent,  subreflector  array  structure  fed  by  a  dual  mote 
conical  feed  horn.  The  detailed  results  of  the  study  program  and  design 
parameters  are  discussed  in  RADC-TR-65-166,  Final  Report,  entitled,  "Low 
Noise  Antenna  Techniques” ,  dated  July  65. 

In  the  follov-cei  effort,  a  linearly  polarized  subreflector  array  vas 
fabricated  to  replace  the  subreflector  used  in  the  existing  feasibility- 
antenna  model.  Corrective  design  techniques  incorporated  into  the  array 
structure  included  reduced  element  spacing  and  refinement  of  the  shorting 
surface  geometry .  Model  measurements  Conducted  with  the  use  of  either  a 
pencil  beam  or  aonopul3e  feed  desenstrat  *d  satisfactory  antenna  perform¬ 
ance  over  a  5?  frequency  band.  Antenna  pattern  data  in  terms  of  heaa- 
vidth,  side  lobe  level  and  null  locations  indicates  that  illumination 
transformation  is  being  achieved  in  both  principal  planes  of  the  subre¬ 
flector  array.  Hie  60J  antenna  efficiency  obtained  represents  a  35?  im- 
proveaent  over  that  provided  by  the  initially  constructed  model.  A  sig¬ 
nificant  improvement  vas  achieved  in  antenna  noise  temperature  perform¬ 
ance.  Model  antenna  noise  temperatures  obtained  using  the  pencil  beam 
and  sonopulse  feeds  vers  27°S  and  32°K,  respectively.  Hie  antenna  noise 
temperature  provided  by  the  initially  constructed  model  vas  70°£. 

Minimis  performance  requirements  vere  met  with  the  exception  of 
bandwidth  which  is  5?  rather  that  the  specified  10?  at  X-band.  In  addi¬ 
tion,  H-plane  beasvidths  are  slight ly  broader  than  specified.  Results  of 
the  effort  provided  design  information  and  performance  limitations  cm  a 
subrflector  array  technique  which  can  be  used  with  a  main  parabolic  re¬ 
flector  is  a  Cassegrain  geometry  to  enhance  tracking  antenna  performance. 
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SECTION  1 


INTRODUCTION 


This  final  technical  report  describes  the  results  obtained  in  the' 
development  and  demonstration  model  test  of  an  inverse  taper  illumination 
technique  which  is  applicable  to  parabolic  reflector  antenna  systems.  This 
technique  (1, 2, 3,  4, 5/  consists  of  replacing  the  Cassegrainian  hyperbolic  sub- 
reflector  with  a  subreflector  array  structure  to  provide  additional  aperture 
illumination  control.  The  focal  fed  parabolic  reflector  version  consists  of 
introducing  an  illumination  control  lens  array  between  the  feed  and  reflector. 
These  techniques  can  be  used  to  provide  a  better  compromise  for  low  antenna 
noise  temperature  and  high  antenna  efficiency.  (See  section  8  for  all  references.) 

At  the  conclusion  of  the  second  quarterly  program  phase  (5)  a  linearly 
polarized  subreflector  array  structure  had  been  fabricated  and  was  ready  for 
test.  Also,  a  polarization  independent  subreflector  array  structure  had  been 
designed  and  calculations  had  been  made  to  evaluate  its  performance.  An  X-band 
model  antenna  had  been  selected  to  demonstrate  performance.  Pencil  beam  feed 
tests  had  been  completed  and  a  monopulse  feed  had  been  designed  in  preparation 
for  subreflector  array  model  performance  evaluation.  Also  during  the  second 
quarterly  period,  normal  incidence  surface  impedance  studies  were  conducted 
and  model  tests,  using  a  simple  hyperbolic  subreflector,  were  started. 

Progress  during  this  final  report  period  has  included  the  following: 

1.  Hyperbolic  subreflector  tests 

2.  Surface  impedance  studies  and  tests  for  other  than  a  normal  oriented 
reflected  wave 

3.  Linearly  polarized  subreflector  array  tests  using  various  shorting 
surface  geometries  and  various  surface  matching  configurations 

4.  Tests  using  both  a  pencil  beam  and  a  moncpulse  feed 

5.  Polarization  independent  subr  eflector  array  tests 

6.  Model  antenna  gain  and  noise  temperature  evaluation 

7.  Lens-array  design  studies  for  a  focal  fed  parabolic  reflector 


Linearly  polarized  subreflector  array  tests  with  the  pencil  beam  feed 
have  demonstrated  a  model  efficiency  of  88  percent  over  a  5-percent  frequency 
band,  ibis  represents  a  significant  improvement  as  compared  to  a  model 
efficiency  of  51  percent  using  a  simple  hyperbolic  subrefiector.  Tests  with  the 
monopulse  feed  have  also  demonstrated  an  efficiency  of  68  percent.  Model 
antenna  noise  temperature  using  the  pencil  beam  and  monopulse  feeds  are  27 °K 
and  32°K,  respectively. 

The  goals  established  for  the  test  model  using  the  pencil  beam  and 
monopulse  feeds  are  as  follows: 


Parameter 

Pencil  Beam 
Minimum 

Pencil  Beam 
Objective 

Monopulse 

Objective 

Noise  temperature 

50°K 

35°K 

50°K 

Efficiency 

68% 

74% 

60% 

Bandwidth 

±5%  at  X  band 

±10%  at  X  band 

±5%  at  X  band 

Gain 

46  dB 

46  dB 

46  dB 

VSWR 

Less  than  1.3 

Less  than  1.3 

Less  than  1.5 

Half  power  beamwidth 

Less  than  0.75° 

Less  than  0.70° 

Less  than  0.8° 

10-dB  beamwidth 

Less  than  1.3° 

Less  than  1.2° 

Less  than  1.4° 

20-dB  beamwidth 

Less  than  1.7° 

Less  than  1.7° 

Less  than  1.9° 

First  two  sidelobes 

Less  than- 15 dB 

Less  than  -15  dB 

Less  than  -15  dB 

Other  sidelobes 
within.±i5° 

Less  than -25  dB 

Less  than -25  dB 

Less  than -25  dB 

Remaining  sidelobes 
to  ±1800 

Less  than -40  dB 

Less  than -40  dB 

• 

Less  than -40  dB 

Polarization 

T.inpnr1 

Linear  and 
circular 

Linear 

With  relatively  few  exceptions  the  minimum  requirements  and  the 
objectives  have  been  achieved.  The  major  exception  is  that  the  subreflector 
array  bandwidth  is  found  to  be  5  percent  rather  than  ±5  percent.  Also,  but  of 
lesser  importance,  the  beam  width  is  somewhat  broader  than  anticipated.  The 
following  is  a  tabulation  of  the  model  results  achieved: 
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Parameter 

Pencil  Beam 
Performance 

Monopulse 

Performance 

Noise  temperature 

27°K 

32°K 

Efficiency 

68% 

68% 

Bandwidth 

5%  at  X  band 

5%  at  X  band 

Gain 

46.5  dB 

46.1  dB 

VSWR 

Less  than  1. 3 

Less  than  1. 3 

Half  power  beamwidth 

Less  than  0. 82° 

Less  than  0. 85° 

10-dB  beamwidth 

Less  than  1. 4° 

Less  than  1. 4° 

20-dB  beamwidth 

Less  than  1. 8° 

Less  than  1. 9° 

First  two  sidelobes 

Less  than  -15  dB 

Less  than  -15  dB 

Other  sidelobes  within  ±15° 

Less  than  -26  dB 

Less  than  -19  dB 

Remaining  sidelobes  to  ±180° 

Less  than  -40  dB 

Less  than  -40  dB 

Polarization 

Linear 

Linear 

A  review  of  the  measured  performance  indicates  that  significant  gain- 
noise  temperature  performance  improvements  have  been  achieved  over  a  5-per¬ 
cent  frequency  band  as  compared  to  a  conventional  Cassegrain  subreflector 
configuration. 

Although  the  results  achieved  are  encouraging,  additional  work  can  be 
done  to  improve  further  the  subreflector  array  performance.  Results  indicate 
generally  10  percent  broader  H-plane  be  am  widths  and  lower  near-in  sidelobes, 
as  compared  to  the  E-plane  performance.  This  results  in  a  somewhat  reduced 
efficiency,  as  compared  to  theoretical,  and  is  the  result  of  inherently  poorer 
H-plane  element  impedance  match  and  element  pattern  characteristics.  Results 
indicate  a  significant  improvement  is  possible  by  applying  a  shorting  surface 
adjustment  to  minimize  the  aperture  phase  error,  but  the  amplitude  error  due  to 
element  mismatch  remains  a  degrading  factor.  The  subreflector  array  is  found 
to  be  highly  astigmatic  without  this  control. 

Results  with  the  polarization  independent  subreflector  array  indicate  a 
model  efficiency  of  43  percent.  This  poor  performance  is  due  to  inadequate 
element  surface  impedance  description  for  this  dielectrically  loaded  waveguide 
configuration. 


SECTION  2 


PROGRAM  DESCRIPTION  AND  BACKGROUND 


The  purpose  of  this  program  is  to  develop,  demonstrate,  and  evaluate 
an  inverse  taper  transformation  technique  that  will  reduce  reflector  antenna 
loise  temperature  while  providing  increased  antenna  efficiency.  The  inverse 
taper  technique  consists  of  introducing  a  structure  into  the  reflector  optics, 
which  will  operate  on  the  feed  illumination  pattern,  producing  a  parabolic  re¬ 
flector  aperture  illumination  function  that  is  consistent  with  low  noise  tempera¬ 
ture  and  high  aperture  efficiency  requirements.  For  a  Cassegrain  antenna,  the 
inverse  taper  transformation  is  affected  by  a  subreflector  array  structure  which 
replaces  the  hyperbolic  subreflector.  This  provides  control  of  both  the  para¬ 
bolic  reflector  aperture  phase  and  amplitude  illumination  function.  The  com¬ 
parable  inverse  taper  structure  for  a  focal  fed  parabolic  reflector  system 
would  be  a  constrained  lens  located  between  the  feed  and  reflector.  Tr  ansfor¬ 
mation  Gf  the  feed  pattern  by  the  inverse  taper  producing  structure  permits 
optimization  of  the  resulting  amplitude  illumination  function.  For  a  high 
efficiency,  low  noise  temperature  design,  the  illumination  function,  as  viewed 
from  the  paraboloid  focus,  will  approach  that  of  uniform  illumination  within  the 
included  angle  of  the  parabolic  reflector,  and  will  approach  zero  in  the  remain¬ 
ing  spillover  region. 

Within  the  stated  low  ncdse  temperature  -  high  efficiency  objective, 
principal  areas  of  investigation  included: 

•  Modification  of  the  inverse  taper  transformation  design  equations  to 
include  subreflector  array  surface  interaction  effects 

•  Adjustment  of  the  subreflector  array  shorting  surface  to  achieve 
optimum  inverse  taper  transformation  performance 

•  Study  and  implementation  of  modified  subreflector  array  configura- 
.  tions  to  minimize  surface  interaction  effects,  including  reduced 

intercell  spacing  techniques 

•  Additional  inverse  taper  transformation  diffraction  limitation 
studies  and  efficiency-noise  temperature  tradeoff  evaluation  and 
test 

•  Evaluation  and  test  of  the  subreflector  array  as  applied  to  pencil 
beam,  monopulse,  and  conical  scanning  feeds 
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The  above  program  is  a  continuation  of  the  effort  reported  under 
contract  AF  30(602)- 3382  (1?  2, 3).  The  analytical  investigation  initially  estab¬ 
lished  the  design  techniques  for  utilizing  an  auxiliary  structure  to  produce  a 
special  inverse  taper  transformation  of  the  feed  pattern.  This  structure  was 
designed  to  modify  a  highly  tapered  feed  pattern  to  provide  a  nearly  uniform 
main  parabolic  antenna  aperture  distribution.  The  general  formulation  included 
generation  of  the  design  equations,  evaluation  of  parameter  variations,  and  sub¬ 
sequent  optimization  of  various  antenna  configurations.  This  formulation  in¬ 
cluded  diffraction  pattern  limitations  and  noise  temperature  evaluation  so  that 
efficiency-noise  temperature  compromise  design  criteria  could  be  established. 

As  a  check  on  the  established  theory,  an  inverse  taper  transformation 
X-band  feasibility  model  antenna  was  assembled.  This  unit  consisted  of  three 
major  components: 

•  A  paraboloidal  reflector  which  is  10  feet  in  diameto . ,  focal  length 
to  diameter  ratio  of  0. 4,  and  surface  tolerance  of  ±1/32  inch 

•  A  subreflector  array,  which  is  a  multicellular  structure  (259  cells), 
approximately  15  mches  in  diameter,  and  10  inches  deep  to 
accommodate  the  adjustable  shorts  used  for  the  model 

«  A  dual  mcde  (TEjj°  and  TMjj0)  conical  feed  horn,  selected  and 
designed  for  low  spillover  and  axially  symmetrical  pattern  per¬ 
formance  characteristics 

The  tests  conducted  during  the  above  referenced  program  demonstrated 
that  inverse  taper  pattern  control  is  possible,  and  indicated  that  further  develop¬ 
ment  of  this  technique  could  be  expected  to  provide  improved  antenna  efficiency- 
noise  temperature  performance.  The  design  equations,  which  were  established 
to  produce  inverse  taper  transformation,  were  found  to  be  satisfactory  for  only 
one  of  the  two  principal  planes  of  the  subi  eilecior  array.  In  this  plane  of  toe 
array,  mutual  coupling  or  surface  wave  effects  on  the  face  of  the  structure  were 
found  to  be  small,  and  inverse  taper  transformation  was  achieved.  This  was 
evidenced  by  a  high  degree  of  correlation  between  measured  and  calculated 
beamwidth.  sidelobe,  and  spillover  performance  characteristics.  In  the 
orthogonal  plane  of  the  subrefleetor  array,  however,  the  design  equations  were 
found  to  be  inadequate  to  account  for  the  more  severe  surface  wave  effects. 
Subsequent  correction  of  the  subrefleetor  array  shorting  surface  improved  the 
pattern  characteristics  in  the  region  of  the  main  beam.  Additional  fine  correc¬ 
tion  was  suggested  to  reduce  the  near-in  sidelobe  power  and  spillover  power. 

Hie  difference  in  surface  interaction  effects,  for  the  subreflector  array  struc¬ 
ture,  was  attributed  to  the  difference  in  effective  element  spacing  in  the  two 
planes. 

Based  on  the  results  of  the  above  program,  further  development  of 
inverse  taper  transformation  for  high  efficiency-low  noise  temperature  antenna 
design  was  recommended  and  initiated.  The  present  program  is  a  direct  result 
of  the  recommended  effort  and  is  a  continuation  of  the  inverse  taper  transforma¬ 
tion  investigations. 
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During  the  first  quarterly  period  H),  a  computer  program  was  written 
to  simplify  the  design  of  a  subreflector  array.  This  computer  program  also 
provides  feed  and  array  pattern  performance,  aperture  illumination  efficiency, 
and  back  hemisphere  spillover  loss.  This  program  was  used  to  calculate  the 
performance  of  the  polarization  independent,  unloaded,  square  cell  array,  for 
which  tesi  results  had  been  obtained  on  a  previous  phase.  (3)  The  calculations 
indicated  the  need  for  reduced  subreflector  array  element  spacing  to  improve 
its  performance. 

Subsequent  calculations  were  made  using  unloaded  rectangular  wave¬ 
guide  for  use  with  a  single  linear  polarization  design.  Substantial  improvement 
was  predicted  and  work  was  initiated  on  the  design  and  fabrication  of  a  linearly 
polarized  subreflector  array  model. 

Subreflector  array  zoning  techniques  had  been  evaluated.  These  could 
be  used  to  reduce  the  depth  of  the  subreflector  array  and  to  increase  the  band¬ 
width  of  the  device.  The  design  technique  was  extended  so  that  array  zoning 
automatically  can  be  generated  and  evaluated  with  a  digital  computer. 

Studies  were  reported  (4)  to  extend  the  geometrical  optics  description 
for  location  of  the  subreflector  array  shorting  surface.  These  studies  indicate 
that  adjustment  of  the  shorting  surface  could  be  used  to  compensate  for  the 
array  entry  surface  mismatch  effects.  The  analytical  description  of  the  sub¬ 
reflector  array  was  extended  to  include  surface  mismatch,  and  tests  were 
planned  for  measurement  of  the  necessary  parameters. 

During  the  second  quarterly  period  (5)  progress  was  reported  with 
regard  to  linearly  polarized  and  polarization  independent  subreflector  array 
techniques,  measurement  of  surface  mismatch  parameters  for  normal  incidence, 
and  demonstration  model  subreflector  array  and  feed  design  configurations. 

Fabrication  of  the  linearly  polarized  subreflector  array  was  completed. 
TMS  subreflector  array  consists  of  431  aluminum  X-band  waveguide  cells 
located  on  a  triangular  grid.  The  assembly  has  a  nominal  diameter  of  15  inches. 

Primary  pencil  beam  feed  horn  pattern  tests  were  completed.  Pattern 
tests  were  conducted  with  the  upper  band  and  lower  tend  horn  phasing  sections 
to  determine  the  optimum  shim  lengths  as  a  function  of  frequency. 

Tests  were  conducted  on  an  available  C-band  reflector  array  model  to 
determine  the  normal  incidence  surface  mismatch  parameters.  The  results 
then  were  extrapolated  X  band.  The  computer  program  was  then  modified 
to  include  the  normal  incidence  mismatch  parameters  in  the  design  of  the  sub¬ 
reflector  array  shorting  surface. 

Polarization  independent  subreflector  array  model  techniques,  using 
dielectrically  loaded  square  waveguide  cells,  were  established.  Pattern  and 
efficiency  calculations  were  made  to  determine  cell  spacing  and  loading  for 
this  model. 


A  spun  hyperbolic  Cassegrain  subreflector,  to  be  used  in  conjunction 
with  the  breadboard  paraboloidal  reflector  and  feed,  was  designed  and  fabricated. 
The  purpose  of  this  unit  was  to  provide  a  reference  with  which  to  experimentally 
determine  the  performance  improvement  that  could  be  achieved  with  the  sub- 
reflector  array. 

A  monopulse  feed  was  being  assembled  to  demonstrate  inverse  taper 
transformation  with  this  feed  type.  The  feed  has  since  been  completed  snd  con¬ 
sists  of  two  horns  which  are  stacked  in  the  E  plane,  and  fed  by  a  comparator 
which  consists  of  a  folded  E-plane  hybrid  tee.  This  provides  a  linearly  polarized 
single-plane  monopulse  feed  with  a  sum  channel  and  an  E-plane  difference 
channel. 
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SECTION  3 


MODEL  TEST  PROGRAM 


3-1  TEST  EQUIPMENT  AND  PROCEDURES 

Tiie  model  antenna  consists  of  a  10-foot  diameter  aluminum  parabolic 
reflecting  dish  and  supporting  structures  for  feed  horn  and  subreflector  com¬ 
binations.  Hie  antenna  mount  is  capable  of  sufficient  elevation  motion  to  peak 
on  the  transmitting  dish,  located  1200  feet  away  (far  field),  and  allows  for  posi¬ 
tioning  the  model  antenna  in  any  polarization  plane. 

The  platform  has  a  variable  speed  control  and  can  rotate  360  degrees 
in  azimuth.  A  synchro  in  the  platform  drives  a  pen  recorder  which,  for  most  of 
the.  patter  ns  illustrated  in  this  report,  prints  out  on  the  chart  paper  with  a 
5  degree  per  major  division  scale. 

Mode  adapters  on  the  feed  barns  used  during  tests  provide  the  transi¬ 
tion  to  a  coaxial  transmission  line.  The  other  end  of  the  line  connects  to  a 
calibrated  variable  attenuator,  crystal  mixer,  wide-range  receiver,  and  the 
pen  recorder. 

A  continuous  wave  test  signal  at  a  frequency  between  8. 2  to  10. 0  GHz 
is  generated  either  by  a  remotely  tuned  backward  wave  oscillator,  or  by  tuning 
of  an  X-band  klystron  at  the  transmitting  site. 

Gain  measurements  are  referenced  to  a  gain  standard  X-band  horn.  To 
account  foi  amplitude  variations  across  the  aperture  of  the  model  antenna,  the 
gain  standard  horn  is  moved  in  elevation  across  the  aperture,  and  its  average 
signal  level  is  selected  for  the  standard  reference  level. 

The  VSWR  of  the  model  antenna  is  measured  by  means  of  a  slotted  line 
and  crystal  detector  mounted  immediately  behind  the  feed  horn. 

Supports  for  the  feedhorn  and  subreflector  allow  for  small  translations 
and  rotations  to  optimize  antenna  performance. 

The  conical  feedhorn  used  during  the  test  program  has  two  sets  of  shims 
to  provide  proper  horn  phasing  at  each  test  frequency.  The  monopulse  type  feed 
is  a  pyramidal  horn  with  an  H-plane  septum  and  a  comparator  consisting  of  a 
folded  E-piane  hybrid  tee.  This  permits  an  E-plaJe  difference  channel,  as  well 
as  sum  channels,  in  both  planes.  Figure  1  shows  the  monopulse  feed  assembly. 
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Three  types  of  subreflectors  are  used  throughout  the  test  program. 

Tie  first  is  a  spue  aluminum  hyperbola  which  permits  a  basis  of  comparison 
for  the  other  two  subrefieeior  arrays.  One  array  is  linearly  polarized  and 
Consists  of  431  aluminum  X-band  waveguide  cells,  located  oh  a  triangular  grid 
and  having  adjustable  shorts  (see  sections  3-2  and  3-3  of  reference  5).  The 
other  suhreflector  array  is  polarization  independent  and  consists  of  approxi¬ 
mately  425  square  waveguide  cells  on  a  triangular  grid,  also  with  adjustable 
shorts  (see  section  3-7  of  reference  5). 

The  patterns  illustrated  and  summarized  generally  represent  the  best 
compromise  between  E-  and  E-plane  patterns  for  the  particular  feed-subreflec- 
tof  combination  in  test.  This  compromise  position  of  the  subreflector  is 
arrived  at,  first,  by  finding  the  optimum  E-  and  H-plane  positions  for  the  sub- 
reflector;  a  different  setting  for  each  plane  sometimes  is  necessary  because  of 
astigmatic  effects.  The  subreflector  is  then  set  midway  between  these  optimum 
points  ami  all  patterns  are  taken  for  that  particular  short-setting  at  all  fre¬ 
quencies.  The  maximum  antenna  gain  has  generally  been  found  to  occur  at 
these  compromise  positions,  thus  justifying  this  procedure. 

3-2  MODEL  ANTENNA  PERFORMANCE  WITH  SPUN 
HYPERBOLIC  SUBREFLECTOR 

Figure  2  shows  the  entire  model  antenna  with  conical  feed  assembly 
and  the  spin  aluminum  hyperbolic  subreflector.  Alignment  was  carried  out 
first  hy  adjusting  the  element  spacings  to  the  calculated  theoretical  values. 
Patterns  were  then  taken  in  both  E  aid  E  planes,  and  fine  adjustments  were 
made  for  best  focus.  Figures  3  aid  4  illustrate  the  results  at  the  best  adjust¬ 
ment  of  elements,  aid  shows  the  following  performance  characteristics: 


Pattern 

Plane 

Half  Power 

10-dB 

20dB 

Beamwidth 

(deg) 

First  Two 
Sidelobes 
(dB) 

X  X  CXjUCUvJ 

...  (GHz) 

vxain 

(dB) 

JPCa  1  *  i  W  iUUi 

(deg) 

Pyw  lily*  luul 

(deg) 

9.1 

H 

46.2 

0.75 

1.30 

1.65 

20 

E 

0. 80 

1.35 

1.70 

22 

The  efficiency  of  this  configuration  is  51. 3  percent,  well  within  the 
expected  value  range.  A  more  optimum  feed  illumination  and  less  aperture 
blockage  would  raise  this  figure,  but  the  measured  value  is  representative  for 
the  systems  being  compared. 


12 


3-3  SUBREFLECTOR  ARRAY,  FIRST  SHORT  SETTING 

Figure  5  shows  the  subreflector  array  composed  of  rectangular 
aluminum  X-band  waveguide  cells  in  place  on  the  model  antenna.  Figure  6  is 
a  view  of  the  subreflector  array  showing  the  entry  surface  contour.  The  first 
short  setting  in  the  subreflector  array  was  based  on  a  constant  entry  surface 
susceptance  as  a  function  of  scan  angle,  ps  =  0.384,  and  a  normalized  tangen¬ 
tial  impedance  of  the  surface  equal  to  unity,  =  1.  All  short  settings  are 

derived  from  the  equation: 

where  d  is  the  short  depth  from  the  entry  surface,  x  g  is  the  guide  wavelength, 
Rqj  is  the  normalized  guide  impedance  (G.  764),  and  &q>  is  the  required  phase 
difference  between  input  and  output  field  vectors. 

Figure  7  is  the  subreflector  array  geometry.  Mechanical  adjustment 
for  best  focused  patterns  in  the  H  plane  and  E  plane  indicate  a  degree  of 
astigmatism.  A  best  compromise  spacing  was  obtained  by  placing  the  sub- 
reflector  array  midway  between  the  E-  and  H-plane  focus  positions.  The 
following  results  were  obtained  for  the  optimum  H.  E,  and  compromise  posi¬ 
tions  for  the  first  short  setting: 


Feedhorn  to 
Subreflector  Array 
Distance  (in. ) 

Frequencv 
(GHz)  ' 

Pattern 

Plane 

Half  Power 
Beamwidth 
(deg) 

Gain 

(dB) 

First 
Sidel-'jbes 
withRs-spect 
to  Peak(dB) 

19.  85  (optimum  H) 

9.1 

H 

G.74 

46.0 

-20 

19. 85 

9.1 

E 

0.76 

— 

-15 

19. 1  (optimum  E) 

9.1 

H 

0.75 

44.9 

-12.5 

19.1 

9. 1 

E 

0.72 

— 

-17 

Results  at  the  compromise  position  are  shown  below: 


REFLECTOR  ARRAY 
SURFACE  POINT 


FIGURE  7, 


SUBREFLECTOR  ARRAY  GEOMETRY 


Frequency 

(GHz) 

Pattern 

Plane 

Gain 

(dg) 

Half 

Power 

Beamwidth 

(deg) 

10-dB 

Beamwidth 

(deg) 

First 

Two 

20-dB  Sidelobes 

Beamwidth  (dB) 

Other 

Sidelobes 

(dB) 

9,1 

H 

48.0 

0.78 

1.35 

17 

24 

E 

— 

0.71 

1.20 

17.5 

25 

45° 

— 

0.73 

1.35 

15 

24 

9.4 

H 

45.1 

0.78 

1.45 

15 

24 

E 

— 

0.71 

1.20 

18 

25 

45° 

— 

0.74 

1.30 

14 

22 

9.7 

H 

46.1 

0.77 

1. 50 

17 

21 

E 

— 

1.20 

2.75 

10 

22 

Figures  8  through  19  show  the  patterns  obtained  after  the  alignments. 
They  are  representative  of  the  performance  achieved  for  various  settings  and 
frequencies  tested. 

No  significant  gain  improvement  over  a  standard  hyperbolic  subreflec¬ 
tor  can  be  detected  at  the  design  frequency  of  9. 1  GHz.  However,  it  is  reason¬ 
able  to  assume  that  correction  of  the  measured  astigmatism  would  provide  a 
gain  improvement. 

To  expedite  the  resetting  of  the  shorts  in  over  400  waveguide  cells,  a 
new  tool  was  developed,  with  a  dial  indicator  mounted  on  the  shaft  of  the  short 
setting  probe.  This  tool,  figure  20,  allowed  the  short  setting  time  to  be  cut 
roughly  in  half. 

3-4  SUBREFLECTOR  ARRAY,  SECOND  SHORT  SETTING 

Tests  were  run  using  a  second  shorting  surface  based  on  a  more  exact 
representation  for  the  tangential  surface  impedance.  The  parameter  Z^/ 1)  , 
in  equation  1,  is  not  held  constant  at  unity  but  becomes  a  function  of  scan  angle. 

1  -  sin2  6j  sin2  9i  +  (pSj/p)2  cos2  9i  (2) 

(1-sin2  QjSin2^)  'jl-f{p9i/p>2 

where 


and  e  |,  9  j  are  the  incidence  angles.  (See  reference  2. ) 
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FIGURE  8.  ARTSOU  PATTER*  PERFQSXAttE  *ITH  FIRST  SHORT  SURFACE  A&SJSTMBiT 
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F5S3SE  3.  #TS«A  PATTCSt  rSFCSUXCE  WITH  FiSST  SCSI  SURFACE  AW0S7XST 
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'16U8E  !0.  «T mnk  PATTESK  PERFORHASCE  WITH  FIRST  SHORT  SURFACE  AOJOSTWBfT 
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FIGURE  IS.  AHTEfcSA  PATTERS  PERFORHAKCE  WITH  FIRST  SHORT  SURFACE  A0JUSTCEKT 
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FfSKE  19.  AXT0SU  PATTER*  PERFORMANCE  WITH  FIRST  SHORT  SJRFACE  ABJUSTHEHT 


3S33l 


FieiSE  20.  SHORT  AOJUSTHEST  T00I. 


Again,  a  degree  of  astigmatism  was  noted.  Hie  following  list  tabulates 
the  measured  parameters  for  the  second  short  setting  with  optimum  H-  and 
E-plane  positions,  and  shows  substantially  the  same  performance  as  the  first 
short  setting. 


Feed  Horn  to 
Subreflector  Array 
Distance  (in. ) 

Frequency 

(GHz) 

Pattern 

Plane 

Half  Power 
Beamwidth 
(deg) 

First  Sidelcbes 
with  Respect  to 
Peak  (dB) 

20. 25  (optimum  H) 

9.1 

H 

0.70 

-18 

9.1 

E 

0.  80 

-16 

19. 25  (optimum  E) 

9.1 

H 

0. 79 

-10 

9.1 

E 

0.70 

-19 

Results  at  the  compro  .  ise  position  are  shown  below  for  the  second 
short  setting  with  19.75— inch  spacing  from  feed  to  subreflector  arrayi 


Frequency 

(GHz) 

Pattern 

Plane 

Gain 

(dB) 

Half  Power 
Beamwidth 
(deg) 

10-dB 

Beamwidth 

(deg) 

First  Two 
Sidelobes 
(dB^ 

Other 

Sidelobes 

(dB) 

9.1 

H 

45.6 

0,75 

1.30 

14 

24 

E 

— 

0.70 

1.30 

15 

23 

45° 

— 

0.75 

1. 30 

13 

27 

9.4 

H 

46.5 

0.79 

1. 40 

13 

22 

Figures  21  through  28  are  the  second  short  setting  patterns.  The 
results  achieved  are  very  similar  to  those  for  the  first  short  setting. 

3-5  SUBREFLECTOR  ARRAY,  THIRD  SHORT  SETTING 

The  series  of  experiments,  undertaken  on  a  C-band  reflector  array  to 
obtain  a  better  formulation  for  the  surface  susceptance  variations  with  scan 
angle,  were  incorporated  into  the  third  short  setting.  Figures  29  through  33 
are  the  measured  results  showing  standing  wave  ratio  as  a  function  of  assumed 
susceptance  values.  The  estimated  susceptance  values,  including  the  previously 
measured  value  for  normal  incidence  and  reflection,  are  listed  below. 

Bs  (0, 0}  =  0. 384 

Bs  (41°24%  0)  =  -0. 025  (H  plane) 

Bs  (61°51%  0)  -  -0. 860  (E  plan-') 

Bs  (41024%  900)  =  0. 1S2  (E  plane) 

Bs  (61°51%  90°)  =  0.  tOO  (E  plane) 

Bs  (38°34%  45°)  =  0. 133  (diagonal  plane) 

Figure  34  shews  the  apparatus  used. 


FIGURE  2!.  AXTEKSA  FAT7EBI  FERFOSUHCE  WITH  SECOHD  SHIRT  SURFACE  A'OJSTWEXT 
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FIGURE  ?^.  ANTENNA  PATTERS  PERFORMANCE  WITH  SECOSi)  SHORT  SURFACE  ADJUSTMENT 
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FIGURE  23.  AJiTENMA  PATTERR  PERF08UHCE  WITH  SECOND  SHORT  SURFACE  ADJUSTMENT 
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FIGURE  27.  ANTENNA  PATTERN  PERFORMANCE  WITH  SECOND  SHORT  SURFACE  ADJUSTMENT 
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F \ SURE  32.  YSWR  VERSUS  ASSUMED  SUSCEPTAR 


V»WH  WEPLeCTtb 


These  data  can  be  approximated  by  the  expression: 


1. 362  o  _  Aft_  .  3.8d  y 

B_  (e.?)  =  0.384  -0.337  sin  6r  sur  -  2. 025  sin  Qr  cos- 


This  expression  was  used  in  equation  1  to  set  the  third  shorting  surface  for  the 
X-band,  linearly  polarized,  subreflector  array.  Since  the  astigmatism  waa 
found  to  be  negligible  with  this  third  short  setting,  only  patterns  taken  at  the 
best  gain  position  are  shown  in  figures  35  to  52.  All  shorts  were  also  trans¬ 
lated  a  fixed  amount  so  that  the  center  short  was  half  a  guide  wavelength  from 
the  entry  surface.  Following  is  a  summary  of  the  pattern  results  for  the  third 
short  setting  with  19. 5-inch  spacing  from  feed  to  subreflector  array: 


Half  Power  10- dB  20-dB  First  Two  Other 

Frequency  Pattern  Gain  Beamwidth  Beamwidth  Btamwidth  Sidelobes  Siar lobes 


(GHz) 

Plane 

(dB) 

(deg) 

(deg) 

(deg) 

(dB) 

(dB) 

9.1 

H 

46.8 

0.  80 

1.40 

1.83 

17.5 

27 

E 

— 

0.72 

1.20 

1. 58 

18 

23 

45° 

-- 

0.74 

1.28 

1.67 

17 

32 

9.4 

H 

45.6 

0. 82 

1.38 

1.78 

15 

j5 

E 

— 

0. 68 

1.18 

— 

15.5 

28 

45° 

— 

0.  80 

1.30 

1.62 

14 

26 

9.7 

H 

45.3 

0.  25 

1.48 

15 

20 

E 

— 

0.68 

1. 15 

1.53 

15 

27 

45° 

— 

0.70 

1.20 

1.48 

16 

30 

10.0 

H 

47.2 

0.  85 

1.46 

1.S5 

15 

23 

E 

— 

0.  69 

1.20 

- - 

14 

25 

45° 

— 

0. 70 

1.20 

1. 52 

14 

27 

8.2 

H 

45.2 

0.79 

1.37 

1,  68 

18 

21 

E 

— 

0.77 

1. 35 

1.80 

15 

25 

45° 

— 

0.  81 

1.36 

1.  80 

18 

22 

8.6 

H 

_ .. 

0.72 

1.31 

1.72 

18 

23 

E 

— 

0.76 

1.25 

1.62 

16 

25 

45° 

-- 

0.73 

1.28 

1.65 

17 

20 

The  center  frequency  gain  of  46.  8  dB  corresponds  to  an  efficiency  of 
59  percent.  The  gain  has  substantially  improved  over  previous  short  settings. 
Having  eliminated  the  problem  of  astigmatism  with  the  subr  eflector  array,  it  is 
assumed  that  any  remaining  loss  of  gain  was  due  to  the  broad  H-plane  beamwidth 
(0. 80°). 


FIGURE  37.  MTEMA  PATTER*  PER.-3&OJICE  SlTH  THIRD  SHORT  SURFACE  ADJUSTXfflT 
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FIGURE  52.  AHTEKRA  PATTERN  PERFORMANCE  WITH  THIRD  SHORT  SURFACE  ADJUSTMBIT 
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5-6  SUBRE FLE  C TOR  ARRAY.  FOURTH  SHORT  SETTING 

The  fourth  short  setting  assumes  a  surface  susceptance  variation  of 

1.3S2  2.590  « 

Bs  =  0.384  -  0.337  sin  6r  sin-  <?r  -  1.724  sin  9r  cos-  ?r  (4' 

This  differs  from  the  third  shorting  surface  by  a  modification  of  the  third  term 
on  the  right  side  of  equation  3.  This  term  predominates  for  the  H-  plane  sub- 
refiector  array  cells,  and  the  basis  for  modification  was  the  astigmatism  noted 
for  the  first  and  second  shorting  surface  adjustments.  This  expression  is  con- 
sistant  with  the  measurement  accuracy  associated  with  the  C-band  surface 
impedance  tests. 

Figures  53  through  55  are  the  patterns  corresponding  to  the  fourth 
short  setting,  taken  at  the  maximum  gain  position.  A  gain  of  47. 1  dB  and 
efficiency  of  63  percent  at  9. 1  GHz  occur  at  this  position,  and  the  astigmatism 
remains  negligible. 

Hie  model  parameters  for  the  fourth  short  setting  with  19. 5-inch  spac¬ 
ing  from  feed  to  subreflector  array  are  as  follows: 


Frequency 

(GHz) 

Pattern 

Plane 

Gain 

(dB) 

Half  Power 
Beamwidth 
(deg) 

10- dB 
Beamwidth 
(deg) 

20-dB 

Beamwidth 

(deg) 

First  Two 
Sidelobes 
(dB) 

Other 

Sidelobei 

(dB) 

9.1 

H 

47.1 

0.78 

1.34 

1.73 

17 

28 

E 

— 

0. 68 

1. 18 

1.52 

17 

25 

45® 

— 

0.75 

1.30 

— 

16 

27 

To  insure  that  the  feed- subreflector  spacing  was  indeed  at  a  maximum 
gain  point,  small  axial  movements  of  the  subreflector  array  were  evaluated  and 
the  gain  measured  at  each  point.  At  0. 125  inch  toward  or  away  from  the  feed, 
the  measured  gain  dropped  rapidly  i.om  47. 1  dB  to  46. 3  dB  at  9. 1  GHz. 

3-7  SUBREFLECTOR  ARRAY,  FIFTH  SHORT  SETTING 

For  the  fifth  shorting  surface  adjustment,  another  modification  of  the 
third  term  of  equation  3  was  evaluated. 

Bs  =  0.384  -  0.337  sin1' 36“  er  sin2  9r  -  1. 563  sin1' 691  Sr  cos2  <?.  (5) 

Again,  the  basis  of  modification  was  the  astigmatism  previously  noted,  and  the 
goal  was  a  narrower  H-plane  beamwidth  within  the  estimated  measurement 
accuracy  of  the  surface  impedance  tests. 
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FluUSE  5*.  AIT DMA  PATTED  PERFOfcUICE  Wl TH  FOURTH  SHORT  SURFACE  ADJUSTMBT 
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Figures  56  through  64  are  the  patterns  taken  at  the  fifth  short  setting 
for  the  maximum  gain  position.  The  gain  of  47. 1  dB  is  the  same  as  that  obtained 
with  the  fourth  short  setting,  except  ths  beamwidtbs  at  9. 1  GHz  are  somewhat 
larger. 

The  fifth  short  setting  performance  within  a  ±5-pereent  band  about 
9. 1  GHz  for  19. 4-inch  spacing  from  feed  to  subreflector  array  is  as  follows: 


frequency 

(GHz) 

Pattern 

Plane 

Gain 

(dB) 

Half  Power 
Beamwidth 
(deg) 

10-dB 

Beamwidth 

(deg) 

20-dB 

Beamwidth 

(deg) 

First  Two 
Sidelobes 
(dB) 

Other 

Sidelobes 

(±I5°)(dB) 

8.6 

H 

4S.7 

0,72 

1.18 

1.60 

18 

21 

E 

— 

0. 65 

1.10 

1.60 

17 

24 

45° 

— 

0.88 

1.30 

1.75 

16 

21 

9.1 

H 

47  cl 

0.  82 

1. 40 

1.90 

21.5 

26.5 

E 

— 

0.69 

1.12 

1.37 

15 

26 

45° 

— 

0.76 

1.31 

— 

17. 5 

30 

9.6 

H 

46.5 

0.  80 

1.37 

~  — 

17.5 

28 

E 

•*  — 

0. 60 

0. 95 

1.26 

14 

29 

45° 

— 

0. 82 

1.37 

— 

16 

27 

3-8  SINGLE  ELEMENT  PATTERN  PERFORMANCE 

While  the  subreflector  array  astigmatism  has  been  essentially  eliminated, 
the  problem  which  is  subsequently  found  to  result  from  an  H-plane  array  mis¬ 
match,  is  evidenced  by  larger  H-plane  beamwidth.  To  investigate  the  match  into 
the  waveguide  cells  concerned,  the  subreflector  array  was  removed  from  the 
model  antenna  and  element  (waveguide  ceil)  patterns  in  the  array  environment 
were  taken.  The  center  cell,  and  other  cells  along  the  center  lines  of  the  entry 
surface,  were  probed  at  the  rear  by  means  of  a  specially  fabricated  spring  finger 
coupling,  figure  65.  The  short  was  removed  from  the  element  under  test  during 
measurement  of  its  pattern  performance  in  the  array. 

The  patterns  for  various  waveguide  elements  throughout  the  subreflec¬ 
tor  array  are  shown  in  figures  66  through  75.  These  exhibit,  a  nearly  uniform 
amplitude  function  throughout  the  desired  scan  angle  for  all  elements  tested  in 
the  E  plane,  which  is  desired.  Element  patterns  in  the  H  plane  show  one  or 
more  nulls  and  more  rapid  pattern  drop-off  with  scan  angle,  thus  accounting  for 
the  larger  H-piane  beamwidth  in  the  secondary  patterns. 

In  order  to  improve  the  H-plane  element  matcli,  various  configurations 
of  capacUive  and.  inductive  irises  were  placed  at  the  entry, and  clement  pattern 
performance  was  investigated.  Best  results  were  obtained  with  inductive  irises 
which  occupied  only  one  side  of  the  cell.  This  placement  seemed  to  show  best 
results  in  obtaining  a  more  uniform  element  amplitude  function  in  the  H  plane. 
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FIGURE  56.  AHTEKHA  PAT  FERN  PERFORHAHCF.  KITH  FSFTri  SHORT  SURFACE  AWUS'.XEHT 


FiSUKE  57.  AJTTEHRA  PATTERR  PERFORMANCE  H17H  FlFTR  SHORT  SURFACE  ADJUSTMENT 


FI  SURE  58.  AMTSSA  PATTE®  PFRFOJWAUCE  KITH  FIFTH  SHORT  SURFACE  AJWUSTHBU 
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FISURE  55.  WTEKHA  PATTERH  PERFORMANCE  KITH  FIFTH  SHORT  SURFACE  ADJUS7NEHT 
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FI6URE  61.  ASTEXH A  PATTERN  PERFORMANCE  WITH  FIFTH  SRORT  SURFACE  ADJUSTMENT 


H&-RE  62-  AHT0WA  PAT7ERK  PERFORMANCE  SiTH  FIFTH  SHORT  SURFACE  ADJUSTMENT 
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Figure  76  illustrates  the  dimensions  of  the  iris  and  its  placement  m 
the  ceils.  Figure  77  is  the  center  element  pattern  (H  plane)  with  irises  in 
place. 

3-2  SUBREFLECTOR  ARRAY,  FIFTH  SHORT  SETTING,  FIRST  TYPE 
IRISES  IN  H- PLANE  CELLS 

After  placing  the  irises  in  the  subreflector  array  cells  which  principally 
influence  H-plane  performance,  the  subr effector  array  was  remounted  on  the 
model  antenna  reflector  for  the  optimum  gain  position.  Figures  78  through  80 
show  the  patterns.  Results  for  the  fifth  short  setting  with  13. 5-inch  spacing 
from  feed  to  subreflector  array  and  first  type  irises  are  as  follows: 

Half  Power  10-dB  20-dB  First  Two  Other 


Frequency  Pattern  Gain  Beam  width  Beam  width  Beamwidth  Sidelobes  Siaelohes 


(GHz) 

Plane 

(dB) 

(deg) 

(deg) 

(deg) 

(dB) 

(ilo^CdB) 

S.l 

H 

47.1 

0.  80 

1.40 

1.83 

23 

25 

E 

— 

0.7: 

1.16 

1.42 

15 

27 

45° 

—  *» 

0.73 

1.25 

15 

22 

A  slight  improvement  was  noticed  in  the  H-plane  beamwidth  when  com¬ 
pared  to  that  obtained  with  toe  fifth  short  setting  (no  irises)  at  3. 1  GHz.  No 
Increase  of  gain  resulted,  however,  possibly  due  to  the  E-plane  beamwidth 
broadening  which  also  was  noted.  Since  the  best  E-plane  beamwidth  previously 
obtained  was  with  the  second  short  setting  (0.75°),  those  cells  with  irises  were 
then  reset  to  the  second  short  setting  and  the  H-plane  pattern  investigated.  As 
before,  toe  subreflector  array  was  placed  at  the  maximum  gain  position. 

Figures  81  and  82  are  the  resulting  patterns. 

Test  results  with  the  subreflector  array,  modified  second  short  setting, 
first  type  irises  in  H-plane  cells  are  summarized  as  follows  for  20. 2-inch 
spacing  from  feed  to  subreflector  array: 

Half  Power  10-dB  20-dB  First  Two  Other 

Frequency  Pattern  Beamwidth  Beamwidth  Beamwidth  Sidelobes  Sidelofees 
(GHz)  Plane  (deg)  (deg)  (deg)  (dB)  (±15°)(dB) 


9.1  H  0.75  1.25  1.59  20  20 

E  0.76  1.80  —  (Shoulder)  25 

The  above  data  show  no  improvement  in  H-plane  beamwidth  over  toe 
second  short  setting  with  no  irises.  The  E-plane  pattern  again  shows  an 
astigmatic  condition,  which  indicates  that  this  iris  and  short  combination  re¬ 
presents  a  poor  choice.  Since  no  improvement  was  anticipated,  the  gain  was 
not  measured  for  this  configuration. 
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To  obtain  a  better  indication  of  main  reflecting  dish  illumination  by 
the  use  of  feed- subreflector  array  patterns,  the  test  arrangement  shown  in 
figure  83  was  established.  The  subreflector  array  and  feed  were  rotated  about 
point  P  with  the  illumination  being  provided  by  a  fixed  transmitting  horn.  A 
bolometer  was  mounted  on  the  feed  and  the  output  used  to  drive  a  pen  recorder. 
Figures  84  through  100  show  the  resulting  patterns  for  the  parameters  listed  in 
table  1.  A  test  frequency  of  9. 1  GHz  was  used  throughout. 

The  feed-subreflector  array  patterns  confirmed  those  taken  on  single 
elements  with  regard  to  H-plane  element  amplitude  variations  and  nulls  through¬ 
out  the  included  scan  angle  of  the  subreflector  array.  Using  this  arrangement, 
another  type  of  inductive  iris  was  investigated  with  the  goal  of  broadening  the 
H-plane  element  pattern. 


Table  1 

FEED-SUBREFLECTOR  ARRAY  PATTERNS  AT  9. 1  GHz 


Figure  No. 

Pattern  Plane 

Feed  to  Subreflector 
Array  Distance  (in. ) 

84 

None 

2 

E 

20.25 

85 

None 

2 

E 

19.25 

86 

None 

2 

H 

20.25 

87 

None 

2 

E 

— 

88 

None 

2 

H 

19.25 

89 

None 

5 

H 

20.50 

90 

None 

5 

H 

19.50 

91 

None 

5 

H 

19.50 

92 

None 

5 

H 

19.50 

93 

None 

5 

E 

19.50 

94 

Type  2 

5 

H 

19.50 

95 

None 

5 

H 

19.50 

96 

None 

5 

H 

19.50 

97 

Type  2 

5 

E 

19.50 

98 

Type  2 

5 

H 

19, 50 

99 

Type  3 

5 

E 

19.50 

Type  3 

5 

H 

19.50 

FIGURE  83.  FEEO-SUSSEFIECTOS  ARRAY  PATTERS  SET-UP 
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FKEO-SUBNEFtCCTOR  ARRAY  PATTERN  PERFORMANCE 


The  second  and  third  type  irises  used  for  the  feed-subreflecfor  array 
patterns  are  illustrated  in  figures  101  and  102.  As  with  the  first  type  of  irises, 
only  those  cells  primarily  responsible  for  H-piane  performance  had  irises 
placed  at  the:r  entry  surface.  The  third  type  iiis  seemed  to  yield  promising 
results  based  upon  feed- subreflector  array  pattern  performance.  These  irises 
gave  the  following  secondary  pattern  results,  with  the  subreflector  array  at  the 
best  focus  H-plane  position.  The  pattern  is  shown  in  figure  103  and  is  sum¬ 
marized  below  for  the  fifth  short  setting  with  19.  3-inch  spacing  from  feed  to 
subreflector  array  and  type  3  irises: 


Half  Power  10- dB 


20-dB  First  Two  Other 


Frequency  Pattern  Beamwidth  Beamwidth  Beamwidth  Sidelobes  Sidelobes 


(GHz) 

Plane 

(deg) 

(deg) 

(deg) 

(dB) 

(dB) 

9.1 

H 

1.08 

1.94 

_ 

15 

17 

The  poor  H-plane  beamwidth  obtained  with  these  inductive  irises  can  be 
attributed  only  to  the  fact  that  an  incorrect  short  setting  is  being  used.  A  pliase 
error  existed  which  may  have  been  corrected  by  a  shorting  surface  readjust¬ 
ment,  but  the  exact  formulation  of  the  change  is  not  easily  determined. 

3-11  SUBREFLECTOR  ARRAY,  FIFTH  SHORT  SETTING, 

MONOPULSE  TYPE  FEED  HORN 

The  single-plane  monopulse  type  feed  horn  shown  in  figure  1  was 
mounted  in  place  of  the  conical  pencil  beam  feed.  Figures  105  through  111  are 
the  K-plane  sum  and  E-plane  sum  and  difference  patterns  using  the  fifth  short 
setting  for  the  subreflector  array  (no  irises).  The  gain  of  the  model  antenna  is 
slightly  lower  using  this  tjpe  iced  when  compared  to  results  with  the  conical 
feed  at  the  fifth  short  setting.  This  is  due  to  the  somewhat  higher  feed  spillover 
and  to  the  fact  that  the  feed  illumination  is  only  approximately  that  for  which  the 
subreflector  array  is  designed.  A  summary  of  the  performance  for  the  fifth 
short  setting  -with  19.  4- inch  spacing  from  feed  to  subreflector  array  and  the 
monopulse  type  feed  horn  is  as  follows: 

Half  Power  10-dB  20-dB  First  Two  Other 

Frequency  Pattern  Gain  Beamwidth  Beamwidth  Beamwidth  Sidelobes  Sidelobes 
(GHz)  Plane  (dB)  (deg)  (deg)  (deg)  (dB)  (±15°)(dB) 


i  8.6 

H 

46.7 

0.78 

1.26 

1.71 

19 

20 

1 

E 

-- 

0.75 

1.25 

1.51 

16 

25 

1  9.1 

H 

46.1 

0.85 

1.41 

1.83 

17 

29 

1 

E 

-- 

0.67 

1.00 

1.37 

15 

26 

|  .  S.  6 

H 

46.4 

0.  80 

1.40 

1.90 

17 

24 

I  _ 

E 

0.  65 

1.00 

1.35 

15 

19  1 

107 

I 

1 

-  ~  ,  .2 
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FISiEE  107.  ABTEKKA  PATTEEK  PESFCS&AXCE  WITH  HOXOPBLSE  FEED  BOSS 


FIGURE  110.  ANTENNA  PATTERN  PERFORMANCE  WITH  MONOPULSE  FEED  HORN 


The  above  results  show  that  it  is  possible  to  use  effectively  a  mono¬ 
pulse  feed  with  the  subreflector  array. 

3-12  VSWR  OF  MODEL  ANTENNA 

VSWR  of  the  model  antenna  was  measured  with  both  the  pencil  beam 
and  monopulse  feed  horns  using  the  fifth  short  setting  on  the  subreflector  array. 
A  somewhat  higher  mismatch  at  9. 1  GHz  and  8.  6  GHz  accounts  for  some  loss 
of  gain  at  these  frequencies.  The  results  follow: 


Feed  Horn 

Frequency  (GHz) 

VSWR 

Pencil  Beam 

10 

1.  G6:l 

9.6 

1.14:1 

9.1 

1.30:1 

8.6 

1. 30:1 

8.2 

1.20:1 

Monopulse  Type 

9.6 

1.16:1 

9.1 

1.21:1 

8.6 

1.08:1 

3-13  POLARIZATION  INDEPENDENT  SUBREFLECTOR  ARRAY 

At  the  time  the  dielectric-filled  subreflector  array  was  fabricated, 
the  latest  information  available  was  the  third  set  of  computer-derived  short 
settings.  These  settings  were  appropriately  transformed  to  concur  with  the 
loaded  square  waveguide  cells  of  the  dielectric  array.  Once  placed,  the  shorts 
can  be  changed  by  melting  out  the  wax  from  the  cells.  Figures  112  and  113  are 
the  pattern  data  for  this  subreflector  array.  Figure  114  is  a  photograph  of  the 
subreflector  array.  The  tabulated  results  follow: 


Half  Power 

10- dB 

20-dB 

First  Two 

Other 

*equency 

Pattern 

Gain 

Beamwidth 

Beamwidth 

Beamwidth 

Sidelobes 

Sidelobes 

(GHz) 

Plane 

(dB) 

(deg) 

(deg) 

(deg) 

(dB) 

(dB) 

9.1 

H 

45.1 

0.76 

1.40 

i5 

22 

E 

— 

0.73 

1.23 

— 

15 

20 

The  results  indicate  that  optimization  of  the  short  positions  for  the 
polarization  independent  subreflector  array  has  not  been  achieved. 

3-14  NOISE  TEMPERATURE  MEASUREMENT 

Measurement  of  antenna  model  noise  temperature  is  made  in  accordance 
with  IEEE  standards  (®).  This  consists  of  a  comparison  of  the  antenna  noise 
output  with  that  of  a  standard  noise  temperature  load.  To  minimize  measure¬ 
ment  error,  the  noise  temperature  of  the  standard  is  selected  to  be  close  to  the 
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ftSURE  113.  ASTBOU  PATTERN  PERFORHAHCE  WITH  POLARIZATION 
5NDEPEXDE8T  SUBREFLECTOR  ARRAY 


FIGURE  1 14.  ROURIZATiOH  INDEPEKDEHT  SUBREFLECTOR  ARRAY 
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anticipated  antenna  *,t:nueralure.  The  standard  load  is,  a  matched  resistive 
termination  ox  controlled  physical  temperature  using  liauid  nitrogen  (77. 4®IC) 
as  a  codling  agent.  The  standard  is  purchased  from  and  calibrated  by  Maury 
Microwave  Corporation.  The  load  has  a  VSWR  less  than  1. 05  over  a  1-percent 
frequency  band  centered  at  9. 1  GHz,  and  is  calibrated  to  a  temperature  accur- 
acy  of  ±1°^  The  quoted  .:oise  temperature  of  this  lead  is  80°K.  The  noise 
temperature  measurement  circuit  consists  of  single-ode  double-throw  wave¬ 
guide  switch  connected  alternately  to  the  antenna  under  tests  and  the  standard 
load.  The  noise  output  is  connected  through  a  precision  waveguide  attenuator 
to  a  microwave  receiver  that  is  pretuned  to  the  test  frequency.  The  precision 
attenuator  is  adjusted  so  that  receiver  noise  power  output  is  the  same  for 
alternate  positions  of  the  microwave  switch.  If  La  is  the  attenuator  power  loss 
ratic  with  the  switch  connected  to  the  antenna,  and  Ls  is  the  attenuator  power 
loss  ratio  with  the  switch  connected  to  the  standard  load,  then  the  antenna 
temperature  is  given  in  terms  of  the  ambient  temperature  and  the  standard 
load  temperature  by 

La 

^ant  ~  ^asb  '^std  “  Taab^ 

Measurements  hive  bees  made  for  the  antenna  pointing  within  15  decrees  of 
zenith  and  during  the  evening  to  minimize  external  noise  sources. 

The  measured  noise  temperature  of  the  linearly  polarized  subreflector 
array  with  the  pencil  beam  feed  is  27®K.  This  represents  the  average  of  150 
measurements. 

The  measured  noise  temperature  of  the  linearly  polarized  subreflector 
array  with  the  monopulse  feed  is  32^iL  This  represents  the  average  of  75 
measurements. 

la  order  to  use  the  nitrogen  cooled  load  at  other  than  9. 1  GHz,  the 
VSWR  of  the  lead  was  measured  and  used  as  a  basis  for  recalibration.  The 
following  is  a  tabulation  of  the  load  VSWR,  calibrated  load  temperature,  and 
measured  noise  temperature  of  the  pencil  beam  feed  and  the  monopulse  feed 
using  the  linearly  polarized  subrefleetor  array. 

MODEL  ANTENNA  NOISE  TEMPERATURE 


Frequency 

(GHz) 

Load 

VSWR 

Load 

Temp. 

<°X)  . 

Pencil  Beam 
Feed  Temp. 

(°K) 

Monopulse 
Feed  Temp. 
(CK> 

8.2 

1.23 

84 

38 

44 

8. 8 

1. 14 

82 

23 

26 

9.i 

1. 06 

81 

27 

32 

9.6 

1. 16 

83 

26 

24 

io.e 

1.28 

85.5 

35 

37 
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SECTION  4 


DISCUSSION  AND  SUMMARY  OF  TEST  RESULTS 


The  following  is  a  discussion  of  the  model  antenna  performance  with 
respect  to  the  established  goals  of  the  program.  Established  goals  are  as 
follows: 

ANTENNA  PERFORMANCE  WITH  PENCIL  BEAM  FEED 


Parameter 

Minimum 

Objective 

Noise  temperature 

50°K 

35°K 

Efficiency 

68% 

74% 

Bandwidth 

±5%  at  X  band 

±10%  at  X  band 

Gain 

46  dB 

46  dB 

VSWR 

Less  than  1. 3 

Less  than  1. 3 

Half  power  beamwidth 

Less  than  0.75° 

Less  than  0.7C° 

10-dB  beamwidth 

Less  than  1. 3° 

Less  than  1. 2° 

20-dB  beamwidth 

Less  than  1.7° 

Less  than  1.7° 

First  two  sidelcbes 

Less  than  -15  dB 

Less  than  -15  dB 

Other  sidelcbes  within  =15° 

Less  than  -25  dB 

Less  than  -25  dB 

Remaining  sideiobes  to  ±180° 

Less  than  -40  dB 

Less  than  -40  dB 

Polarization 

Linear 

Linear  and 
circular 

ANTENNA  PERFORMANCE  WITH  MONOPULSS  PEED 


Parameter  Objective 


Noise  temperature 

50°K 

Efficiency 

60% 

Bandwidth 

±5%  at  X  band 

Gain 

46  dB 

VSWR 

Less  than  1. 5 

Half  power  beamwidth 

Less  than  0. 8° 

10-dB  beamwidth 

Less  than  1.4° 

20-dB  beamwidth 

Less  than  1. 9° 

First  two  sidelobes 

Less  than  -16  dB 

Ocher  sidelobes  within  +15° 

Less  than  -25  dB 

Remaining  sidelobes  to  ±180° 

Less  than  -40  dB 

Polarization 

Linear 

The  model  tests  reported  in  the  previous  section  include  performance 
using  a  linearly  polarized  subrefleetor  zjrray  with  both  a  pencil  beam  and 
monopulse  feed  aul  a  polarization  independent  subreflector  array  using  a 
pencil  beam  feed.  The  summarized  results  which  follow  represent  the  best 
model  performance  achieved*  which  generally  corresponds  to  the  fifth  short 
setting  for  the  linearly  polalized  subreflector  array  using  both  pencil  beam 
and  monopulse  feeds. 

4-1  NOISE  TEMPERATURE 

The  noise  temperature  of  the  linearly  polarized  subrefleetor  array 
with  the  pencil  beam  feed  is  less  than  27 °K  and  with  the  monopulse  feed  is  less 
than  32°K  over  a  ±5  percent  X-Band  frequency  range.  This  satisfies  the  mini¬ 
mum  pencil  beam  feed  performance  and  the  objective  monopulse  feed  performance. 

4-2  EFFICIENCY 

Calculated  efficiency  for  the  linearly  polarized  subrefleetor  array  is 
shown  in  the  tabulation  below  as  a  function  of  frequency: 


8.2  GHz 

8.6  GHz 

9.1  GHz 

9.6  GHz 

10, 0  GHz 

Measured  gain  (dB) 

45.2 

46.7 

47.1 

46.5 

47.2 

Mismatch  loss  (dB) 

0. 04 

0.  03 

0. 08 

0.  02 

— 

Excess  transmission 
line  loss  (dB) 

0. 04 

0.  04 

0.04 

0. 04 

0. 04 

Excess  blockage 
loss  (dB) 

0. 08 

0. 08 

0. 08 

0. 08 

0. 08 

Directive  gain  (dB’ 

45. 4 

46.9 

47.3 

46.6 

47. 3 

Maximum  gain  (d3) 

48.1 

48.5 

49.0 

49  5 

43.7 

Gain  loss  (dB) 

2.7 

1.6 

1.7 

2.9 

2.4 

Calculated  efficiency 
(percent) 

54 

6S 

68 

52 

58 

The  first  lice  of  the  tabulation  is  the  measured  gain  at  the  fifth  short 
position  for  which  the  best  results  were  obtained-  Since  no  measurements  were 
taken  at  the  two  ends  of  the  band,  however,  the  tabulation  for  this  short  position 
uses  the  third  short  setting  data  for  these  two  columns. 

The  mismatch  loss  corresponds  to  the  measured  VSWR  of  the  model 
antenna.  The  excess  transmission  line  loss  corresponds  to  length  of  waveguide 
between  the  feed  and  aceess  flange. 

The  excess  blockage  loss  corresponds  to  mounting  and  adjustment 
rings  near  the  subreflector  array  which  were  required  for  model  flexibility  bat 
which  would  be  eliminated  in  a  final  design. 

The  directive  gain  of  the  antenna  is  the  sum  m  the  first  four  items  in  the 
above  tabulation. 

The  maximum  gain  is  that  attainable  by  an  ideal  aperture  of  the  model 
diameter  (117  inches)  at  the  indicated  frequency. 

Tl:?  gain  loss  is  the  difference  between  the  ideal  maximum  gain  and  the 
directive  gain,  and  the  efficiency,  thus,  is  the  gain  loss  converted  to  a 
percentage. 

The  calculated  efficiency  is  in  excess  of  68  percent  over  3  5 -percent 
frequency  tend  and  in  excess  of  52  percent  over  a  ±10-percent  frequency  band 
for  the  linearly  polarized  subreflector  array  using  the  pencil  beam  feed. 

A  corresponding  efficiency  calculation  for  ihe  monopulse  feed  is 
shown  below. 
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8.6  GHz 

9. 1  GHz 

9.  6  GH:: 

Measured  gain  (dB) 

46.7 

46.1 

46.4 

Mismatch  loss  (dB) 

0.01 

0. 04 

0. 02 

Excess  transmission  line 
loss  (dB) 

0.  04 

0. 04 

0. 04 

Excess  blockage  loss  (dB) 

0. 08 

0. 08 

0. 08 

Directive  gain  (dB) 

46.8 

46.3 

46.5 

Maximum  gain  (dB) 

48.5 

49..  0 

49.5 

Gain  loss  (dB) 

1.7 

2.7 

3.0 

Calculated  efficiency 

68 

54 

50 

(percent) 


The  results  indicate  that  the  measurements  were  made  at  an  adjustment 
position  for  the  feed  which  favored  the  low  end  of  the  frequency  band.  At  this 
end,  an  efficiency  of  68  percent  was  achieved. 

The  measured  gain  of  the  polarization  independent  subreflector  array 
of  45. 1  dB  corresponds  to  an  efficiency  of  43  percent.  Additional  work  is 
required  to  optimize  the  performance  of  tills  unito 

4-3  BANDWIDTH 

The  model  performance  parameters  were  reported  for  as  much  as  ±10- 
percent  bandwidth  at  X  band. 

i 

4-4  GAIN 

The  model  gain  with  the  linearly  polarized  subreflector  array,  and  both 
pencil  beam  feed  and  monopulse  feed,  is  more  than  46  dB  over  a  ±5-percent 
frequency  band.  The  measured  gain  of  the  polarization  independent  subreflector 
array  is  45. 1  dB  at  the  design  frequency. 

4-5  VSWR 

Model  measurements  with  the  linearly  polarized  subreflector  indicate 
a  VSWR  of  less  than  1. 3:1  over  ±10-percent  frequency  band  for  the  pencil  beam 
feed,  and  for  ±5-percent  frequency  band  for  the  monopulse  feed. 

4-6  HALF  POWER  BEAMWIDTH 

The  half  power  beamwidth  for  the  linearly  polarized  subreflector  array 
and  pencil  beam  feed  is  found  to  be  less  than  0. 70  degree  in  the  E  plane  and  less 
than  0. 82  degree  in  the  F  and  diagonal  planes  over  a  ±5-percent  frequency  band. 
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The  larger  H-plane  and  diagonal-plane  bearawidth  is  attributed  to  poorer  sub- 
reflector  array  element  mismatch  in  these  reflection  planes. 

The  half  power  beamwidth  with  the  monopulse  feed  is  less  than  0.75 
degree  in  the  E  plane  and  less  than  0.  85  degree  in  the  H  plane  over  a  ±5-percent 
frequency  band. 

4-7  10-dB  BEAMWIDTH 

The  10-dB  beamwidth  for  linearly  polarized  subreflector  array  with 
pencil  beam  feed  is  less  than  1. 2  degrees  in  the  E  plane  and  less  than  1. 4  de¬ 
grees  in  the  H  and  diagonal  planes  over  a  ±5-percent  frequency  band. 

The  10-dB  beamwidth  for  the  monopulse  feed  is  less  than  1. 3  degrees 
in  the  E  plane  and  less  than  1. 41  degrees  in  the  K  plane  over  a  ±5-percent 
frequency  band. 

4-8  20-dB  BEAMWIDTH 

The  20-dB  beamwidth  for  the  pencil  beam  feed  and  linearly  polarized 
subreflector  array  is  less  than  1. 6  degrees  in  the  E  plane  over  a  ±5-percent 
frequency  band.  Sidelobe  shoulders  in  the  H  and  diagonal  planes  smear  the 
20-dB  beamwidth  over  the  ±5-percent  frequency  band. 

The  20-dB  beamwidth  for  the  monopulse  feed  and  linearly  polarized 
subreflector  array  is  less  than  1. 6  degrees  in  the  E  plane  and  less  than  1. 9 
degrees  in  the  H  plane  over  a  ±5-percent  frequency  band. 

4-9  FIRST  TWO  SIDELOBES 

Measured  first  two  sidelobes  for  the  linear  polarized  subreflector 
array  are  in  excess  of  15  dB  below  the  peak  over  a  ±10-percent  frequency  band 
for  the  pencil  beam  feed  and  in  excess  of  15  dB  below  the  peak  over  a  ±5-percent 
frequency  band  for  the  monopulse  feed. 

4-10  OTHER  SIDELOBES  WITHIN  ±15  DEGREES 

Measured  sidelobes  within  ±15  degrees  of  the  beam  peak  are  better  than 
26  dB  below  peak  level  over  a  5-percent  frequency  band  and  better  than  20  dB 
below  peak  level  over  a  ±10-percent  frequency  band  for  the  linearly  polarized 
subreflector  array  and  pencil  beam  feed. 

Measurements  with  the  monopulse  feed  indicate  sidelobes  better  than 
19  dB  below  peak  level  over  a  ±:5-percent  frequency  band. 

4-11  REMAINING  SIDELOBES  TO  ±180  DEGREES 

Far  out  sidelobe  level  measurements  for  the  pencil  beam  and  mono- 
pulse  feed  indicate  sidelobe  levels  below  40  dB  of  the  beam  peak  over  a  ±5-per- 
cent  frequency  band.  Cross  polarized  sidelobes  are  below  40  dB  of  the  beam 
peak.  A  representative  wide  angle  pattern  is  shown  in  figure  104. 


137 


4-12  SUMMARY 


A  review  of  the  measured  performance  indicates  that  significant  gain- 
noise  temperature  performance  improvements  have  been  achieved  over  a  5- 
percent  frequency  band  as  compared  to  a  conventional  Cassegrain  subreflector 
configuration.  Despite  these  performance  improvements,  the  pencil  beam  model 
results  fall  slightly  short  of  the  established  goals  in  the  following  respects. 
Principally,  the  H-plane  and  diagonal-plane  beamwidths  exceed  the  established 
goals  by  up  to  10  percent,  which,  for  most  applications,  will  not  be  significant. 
More  important,  the  68-percent  efficiency  is  achieved  over  a  5-percent  fre¬ 
quency  band,  rather  than  ±5  percent. 

Although  reasonably  good  performance  has  been  achieved  with  the 
linearly  polarized  subreflector  array  using  both  the  moncpulse  and  pencil  beam 
feeds,  the  performance  is  as  yet  somewhat  less  than  the  theoretically  predicted 
ideal  performance.  This  was  found  to  be  due  to  the  poorer  H-plane  element 
match  as  a  function  of  incidence  and  reflection  angles.  The  measured  array 
element  pattern  in  the  H  plane  possesses  sharp  dips  which  occur  at  angles 
closer  to  broadside  than  the  angle  corresponding  to  formation  of  the  first 
grating  lobe.  These  dips  in  the  H-plane  element  pattern  imply  reduced  ele¬ 
ment  gain  in  these  directions  and  reduced  illumination  efficiency  for  the  para¬ 
bolic  reflector  aperture.  Further,  it  was  found  that  changes  occur  in  the 
element  reflection  coefficient  at  these  angles  which  require  significantly  more 
Shorting  surface  correction  in  the  H  plane  as  compared  to  the  E  plane.  Adjust¬ 
ment  of  the  shorting  surface  significantly  reduced  the  mismatch  phase  error  and 
eliminated  the  astigmatic  behavior  of  the  subreflector  array.  The  shorting 
surface  adjustment  does  not  eliminate  the  amplitude  error,  however,  which 
accounts  for  the  broader  H-plane  versus  E-plane  pattern  performance  of  the 
model  antenna  with  its  subreflector  array. 

The  above-mentioned  sharp  dips  in  the  array  element  pattern,  for 
certain  element  configurations,  have  been  reported  in  the  literature.  Until 
very  recently,  however,  the  explanation  for  and  prediction  of  this  type  of  per- 
forinance  was  not  possible.  Recent  reported  results  (8)  indicate  that  the  dips  in 
tiie  H-plahe  element  pattern,  which  are  dependent  upon  the  array  element  and 
array  lattice  configuration,  can  be  predicted  by  considering  higher  order  modes 
in  the  aperture  array  interface.  The  implication  is  that  further  optimization  of 
tiie  subreflector  array  performance  would  require  modification  of  the  array 
element  and  array  lattice. 
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SECTION  5 


FOCAL  FED  LENS-ARRAY  DESIGN 


The  purpose  of  the  focal  fed  lens-array  design  is  to  improve  the 
efficiency  and  noise  temperature  of  a  focal  fed  parabolic  reflector.  The 
mechanism  for  this  improvement  essentially  is  the  same  as  for  the  subreflec¬ 
tor  array  with  a  Cassegrain  geometry.  The  lens-array  will  be  placed  between 
the  feed  and  the  parabolic  reflector  and  will  be  designed  to  affect  an  aperture 
illumination  transform.  That  is,  the  lens-array  will  transform  a  tapered  feed 
radiation  function  into  a  nearly  uniform  parabolic  reflector  illumination  func¬ 
tion.  In  addition,  the  major  part  of  the  radiation  pattern  will  be  confined  within 
the  individual  angle  between  the  lens-array  and  the  parabolic  reflector  to 
minimize  spillover. 

5-1  DESIGN  EQUATIONS 

Consider  the  geometry  shown  in  figure  115.  The  cartesian  coordinate 
system  originates  at  the  phased  center  of  the  feed.  A  second  primed  coordinate 
system  is  centered  at  the  parabolic  reflector  focal  point  such  that 

x'  =  x,  y'  =  y,  z  =  z'  +a  (1) 

Assume  a  point  on  the  entry  surface  of  the  lens-array,  Plr  ,  with  coordinates 
(  xln,  yln  ,  zln  ),  and  a  point  on  the  exit  surface  of  the  lens-array,  P2n  ,  with 
coordinates  (  x2n  ,  y2n ,  z2c  ).  Assume  a  multicellular  waveguide  array  which 
is  constrained  such  that 

xln  =  x2d 

ym  =  y2n  (?) 

To  achieve  a  spherical  phase  front  at  the  exit  surface  of  the  lens-array 

^0  » 

Pin  + 7~  (z2n~zln)  =  P2n  *C 

h 

where  c.n  is  the  distance  from  the  feed  phase  center  to  p  ,  and  p2n  is  the 
distance  from  the  parabolic  reflector  focal  point  to  P2n  * 
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PARASOL iC  REFLECTOR 
FOCAL  POIKT 


FIGURE  115.  LEHS  ARRAY  GEOMETRY 


P2n  = 


(4) 


2 

+y2n 


+  (z2n  -  a)2 


P2n 


-  =  Jr22n  +  (z2n-a>2 


2n 


=  4rln+<22n  'a>2 


(5) 


The  quantity,  x0,  in  equation  (3)  is  the  free  space  wavelength,  and  X,-  is  the 
guide  wavelength  for  the  lens-array.  To  evaluate  the  constant,  C,  a  satisfy 
the  path  length  requirements  at  the  center  of  the  lens- array 

p10+-.  (Z20*Z10)  =  P20+C  ^ 

Ag 

which  reduces  to 


This  is  in  terms  of  the  central  thickness  and  propagation  properties  of  the  lens- 
array,  and  the  distance  between  feed  phase  center  and  parabolic  reflector  focal 
point. 

The  above  phase  requirements  provide  one  relationship  between  the  exit 
and  entry  surface  of  the  lens-array.  In  this  form,  the  solution  is  still  in¬ 
determinate.  The  specification  of  the  desired  amplitude  transformation  pro¬ 
duces  a  deterministic  solution. 

Let  the  feed  pattern  function  be  described  by  E{e ),  and  the  parabolic 
reflector  aperture  design  amplitude  by  F  (r).  Conservation  of  energy  requires 
that 

ro 

Q(en)  =  /  |E(e)i::  sinede  =  /  |F(r)i2  rdr  (8) 

o  o 

where  e  m  and  rm  are  dummy  variables  for  the  feed  angle  and  the  parabolic  re¬ 
flector  radius,  respectively.  Also,  we  have  assumed  axial  symmetry  for  both 
the  feed  pattern  function  and  the  parabolic  reflector  amplitude  illumination 
function. 

The  function  ^(r)  is  chosen  with  a  normalization  constant^  K,  so  that 
the  conservation  of  energy  relationship  is  satisfied.  As  for  the  subreflector 
array  design,  (1)  assume 
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iw  i  -n  1/2  r 


_  \P~> 


F(r)  = 


Lf2J  Li  k^r®axi_ 


(9) 


where  k  and  P  are  the  illumination  parameters  which,  respectively,  determine 
the  edge  taper  and  the  shape  of  the  function.  The  quantity,  f,  is  the  parabolic 
reflector  focal  distance,  and  rmax  =  d/2  is  the  maximum  radius  of  the  parabolic 
reflector. 


Equation  (8)  can  then  be  written  as 


Q<e»>  = 


1  2k  /raY  k2 


2  P 


4f2K  j_2  P  *  2  \rmax/  2?  +  2  \rnxJ  J 


(10) 


To  evaluate  the  normalization  constant,  K,  let  em  -  8^  and  rm  -  rmax. 
Then, 


mm 


K  = 


4f\2 

T  ^Qmax> 


1  2k  k2 
+ 


2  P  +  2  2P  +  2 


(11) 


and 


m 


Me.)  * 


9<e‘"u!)  |_2  P  +  2 


\2[l  2k  fr k2 


l=P 


\VP 


2P  +2  Ir 

1  nax/ 


(12) 


angle  by 


r_l  _2k_  +  _kf_  ”[ 

|_  2  2P-f-2  +  2P  +  2J 
Now  the  aperture  radius  vector  is  related  to  the  lens-array  exit  surface 


2  =  4f2  tan2  (62'0/2) 


(13) 


In  terms  of  the  exit  surface  coordinates 


nas 


4f  ^r2n  +  <z2n  ~a>“  ~  (z2n  ~  a> 

d  I  J~2 - 


2d 


+  (*2a  -  a)2  -5-  (Sg-.  -  a) 


where 


1/2 


(14) 


2  2  2 
r2p  ~  *2n  +y2n 


(15) 


from  equation  (14) 


z2d  “a  =  r. 


2n 


r  /r 
4f/d/ 


/^a/*gai\ 

\  4f/d  / 


(16) 
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(17) 


To  evaluate  this  expression  at  the  center  of  the  array,  let  rga  -  0 
and  Tin  -  0.  Therefore, 


/  r 


2n 


220  -  a  -  2f/d  [  __  ^ 


'  V 


a'  max 


now  also 


and  for  a  m  -  0 


also  from  equation  (12) 


r2n  “  z10  ea 


r2n  **  210  sin  em 


^Q(ea) 


_ _m 


aa2  ^0aax> 


1  _2k_  ^  _kf_ 

2  2P  +  2  '  2P  +  2 


1/2 


Therefore, 


z20  -  a  -  (2f/d)  z 


sin  6_  >!2Q  (9  ) 

a  ^  v’/»ax' 


10 


1Q(©, 


But  for 


then 


L 


2  2P  v  2  2P  +  2 


!s(e)|2  =  i 

at  9  =  0 


sin  9, 


*Q(6e) 


and 


=  >.'2 


I".8* 


z20  ~ a  =  (4f/d)  z10  JQ(eoax)/ 


l  2k  k2 


2  2P  +  2  2P  +  2 


1/2 


Also 


[~1  2k  t  k2 


20 


{_2  2P  +  2  2P  +  2J 


i/2 


(4f/d)  (Zao -210)  4Q(eBax) 


2k  k2~| 


1/2 


[2  2P+2  2P  +  2] 


- (4f/d)  ^Q/6nax) 
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(18) 


(19) 


(20) 


(21) 


(22) 


(23) 


(24) 


(24a) 


110  evaluate  the  expressions  for  the  edge  ray,  let  r~,  -  rTnJnr  and 
rin  =  *2n  "*  rlmax*  Taetetore,  fronl  equation  (14)  ' 

^aax  •  a  =  rlsa2  [1  '  <32/X6f2!  2f/d 
tisiEg  equations  (3),  (7)  and 

plB8X  =  rmax//,Sin  'esax' 
p2ssx  =  riaax  <  1  +  <S2/1S):2)  2f/d 
Zlsax  =  rlsax  cot  (0lBax) 


(25) 

(28) 

(27) 

(28) 


we  find  that 


I  l  \[\ 

~U|y 

V  A  / 

'  g/ 


-«  a"d2/16f2> 2f/d  -r  r>=«  ot  (.  > 


xQax 


Sin 


6eax  -  rl®ax  (X  +d2/16f2)2f/d  +  (z20  - zI0)  (1  -~ 


(23) 


Now  the  lens-array  .solution  will  follow  the  same  general  procedure  as  for  the 
subreflector  array.  w  The  input  parameters  are: 

"  -*  Parabolic  reflector  focal  length  to  diameter  ratio  (f/d). 

•  Maximum  lens-array  radius  (r1fnqy). 

•  Feed  pattern  function,  E(e),  and  maximum,  feed  angle,  e  max- 

•  Design  illumination  parameters,  k  and  P. 

•  Free  space  to  lens-array  wavelength  ratio,  XoAg. 

•  Center  thickness  of  the  lens-array,  (Z20  -  z1Q), 

•  Waveguide  cell  spacing  and  geometry. 

The  solution  then  proceeds  as  follows: 

(1)  Calculate  Q  (e  ms^  from  equation  (8) 

(2)  Calculate  a  from  equation  (29) 

(3)  Calculate  z £q  from  equation  (24a) 

(4)  Since  (z2Q  -  ziq)  is  known,  calculate  zip  from 

ZI0  =  z20  "  ^0  -Z1G> 


134 


(30) 


(5)  Increment  rjn  in  accordance  with  the  number  of  lens-array  radii 
for  which  solutions  are  desired. 

(6)  <i  rin/rjjiax  ■=  0,  then  Z2n  =  z20  and  2ln  =  210 

(7)  If r2n/rmax  =  then  z2n  is  obtained  from  equation  (25)  and 
zjn  is  obtained  from  equation  (28). 

(8)  If  rjn/rmax  is  not  equal  to  zero  and  is  not  equal  to  1,  then  solve 
using  one  of  the  following  iterative  procedures. 

(9)  Assume  (z‘m/rmax)i  “  frlnA’lmax) 

(10)  Calculate  fQ  (s  ] .  from  equation  (12) 

(11)  Calculate  (e  m);  from  equation  (8).  The  relative  difficulty  of  this 
step  will  depend  upon  the  form  that  is  assumed  for  the  feed  pattern 
function.  If  we  assume,  for  example, 

E{e)  =  cosn9  (31 


-  1  1  f  {On  x  1', 

§»  ”  CCS  [i-(ai-ri)  Q(S»)] 


(32 


(12)  Solve  for  (z2n)j  using  equation  (16) 

(13)  Solve  for  (zln)i  using  equations  (3),  (4),  (5),  and  (7) 

(14)  Calculate 

<rm>i  =  <2inh  tan  es 


(33 


(15)  If 


In 


rIaax 


1  <  £ 


(34; 


where  s  is  an  arbitrarily  small  number,  then  a  solution  has  been 
found  and  the  calculation  continues  with  step  (18).  Otherwise,  let 


(r_/r 


(*"s/ iE:ax^i 


(3?; 


and  continue  from  step  (10). 

(16)  Establish  a  limit  on  the  maximum  number  of  iterations.  This 
number  will  be  based  upon  experience  wifi  a  particular  set  of 
calculation  parameters.  Subreflector  array  design  calculations, 
for  example,  used  100  iterations  as  being  sufficient. 


(17)  If  the  solution  does  not  converge  within  the  established  maximum 
number  of  iterations,  then  replace  equation  (35)  with 


(rs/raax^i  + 1 


rln  ”  ^rln^i  rs  \  /rlisax 

rlEax  ~  \u2ax/i  \^rlaax 


Inax  “  rln 


\ 
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and  continue  from  step  (9). 

{18}  Upon  satisfying  the  convergence  test  described  by  equation  (34),  the 
solution  is  essentially  complete.  Let 


zin  “  (z:n>i 
z2n  = 


(37) 


{•38) 


This  establishes  the  lens-array  contour  for  the  particular  value  of 
the  radii  rin.  The  solution  then  continues  from  step  (5)  until  all 
desired  radii  values  are  complete. 

5-2  LENS-ARRAY  SUMMARY 

Preceding  has  been  a  discussion  of  a  detailed  procedure  for  a  lens- 
array 'design  to  improve  the  efficiency  and  noise  temperature  of  a  focal  fed 
parabolic  reflector.  There  are,  in  addition,  other  considerations  for  a  com¬ 
plete  evaluation  of  this  technique. 

The  lens-array  is  visualized  as  a  multicellular  waveguide  structure. 

A  linearly  polarized  design  would  use  rectangular  waveguide,  while  a  polariza¬ 
tion  independent  design  might  use  dielectrically  or  ridge  loaded  square  wave¬ 
guide.  Other  waveguide  cross-sections  also  are  possible;  and  the  lens-array 
might  be  fabricated  in  light  weight  strip  transmission  line  using  compatible 
radiating  elements. 

For  lightweight  and/or  broadband  lens-array  applications,  considera¬ 
tion  can  he  given  to  zoning  the  structure.  Zoning  techniques  would  be  similar  to 
those  developed  for  the  subreflector  array.  (**) 

Surface  mismatch  effects  for  the  lens-array  must  also  be  considered, 
m  this  case,  it  would  be  necessary  to  match  both  surfaces  of  the  lens-array  to 
minimize  reflection  losses  and  transmission  phase  errors.  In  this  respect,  the 
design  of  a  lens-array  would  be  more  difficult  than  a  subreflector  array,  which 
Uses  adjustment  of  the  shorting  surface  to  achieve  partially  the  desired  mis¬ 
match  correction.  Surface  mismatch  effects  for  a  lens-array  will  foe  a  function 
of  incidence  aud  reflection  angles,  as  well  as  relative  orientation  of  the  electric 
field  vector.  This  will  generally  require  matching  surfaces  that  are  different 
lor  the  two  lens-array  faces,  and  which  vary  over  each  face. 
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The  design  of  a  tons -array  must  also  include  diffraction  pattern  per¬ 
formance  evaluation  of  the  structure  This  is  to  insure  that  the  lens-array 
element  spacing  and  other  design  pai  ameters  are  satisfactory,  and  that  the 
design  illumination  function  is  achieved. 

Tile  applications  for  lens-array  performance  improvement  would 
include  both  operational  antenna  systems  and  new  designs.  The  lens-array 
will  introduce  additional,  support  structure  requirements,  as  well  as  additional 
blcckage  and  loss.  This  will  tend  to  minimize  the  efficiency  and  noise  tempera¬ 
ture  improvement  that  can  be  achieved  with  this  technique. 

The  decision  between  a  focal  fed  or  a  Cassegrain  reflector  configura¬ 
tion  is  generally  based  upon  allowable  blockage  for  a  particular  design.  The 
Cassegrain  configuration  is  selected  because  the  feed  is  near  the  vertex,  is 
more  accessible  for  transmission  line  connection,  and  represents  reduced  feed 
support  problems..  The  focal  fed  configuration  generally  is  selected  when  the 
subreflector  represents  excessive  blockage,  for  a  minimum,  in  the  order  of 
10-wavelength  diameter.  II  this  is  the  case,  lens-array  blockage,  for  the  focal 
fed  configuration,  would  also  represent  excessive  blockage.  The  minimum  main 
parabolic  reflector  diameter  for  Cassegrain  geometry  is  in  the  order  of  80  to 
ICO  wavelengths  for  a  low  aperture  blockage,  high  efficiency  design.  Very 
similar  minimum  size  limitations  alas  apply  for  use  of  a  lens-array.  It  is  also 
likely  that,  for  cases  in  which  a  focal  fed  and  lens-array  combination  would 
provide  improved  antenna  performance,  that  a  vertex  feed  and  subreflector- 
array  would  provide  similar  improvement.  The  vertex  feed  and  subreflector 
array  might  then  represent  a  better  design  choice. 


SECTION  6 


CONICAL  SCANNING  AND  MONOPULSE  SYSTEMS 


This  section  considers  the  vise  of  inverse  taper  transformation  for 
conical  scanning  and  uionopuise  antenna  systems.  Both  the  similarities  and  the 
differences  between  subreflector  array  design  for  the  two  tracking  feeds,  as 
compared  to  pencil  beam  feed,  are  discussed. 

independent  of  feed  type,  subreflector  array  design,  to  achieve  inverse 
taper  transformation,  depends  upon  specification  of  the  feed  horn  pattern 
chara '  eristics.  Hie  present  design  techniques  require  axially  symmetrical 
feed  pattern  characteristics,  low  spillover  power  beyond  the  edge  of  the  sub- 
refiector  array,  pattern  polarization  independence  for  a  feed  with  arbitrary 
polarization  capability,  and  non- astigmatic  feed  properties.  The  degree  to 
which  these  properties  are  achieved,  by  either  a  tracking  or  pencil  beam  feed, 
will  determine  the  antenna  efficiency  and  noise  temperature  performance  which 
can  be  achieved. 

6-1  CONICAL  SCANNING  SYSTEMS 

For  the  conical  scanning  feed  system,  the  significant  antenna  parameters 
are  the  boresight  gain,  modulation  sensitivity,  and  pattern  symmetry  c  Boresight 
gain  and  modulation  sensitivity  are  inversely  related,  so  that  a  compromise  must 
be  made  in  terms  of  the  beam  squint  angle.  The  use  of  subreflector  array  tech¬ 
niques,  in  conjunction  with  a  conical  scanning  feed,  can  be  expected  to  increase 
the  gain  of  the  squinted  beam.  This  will  provide  the  following  design  alternatives 
as  compared  to  the  use  of  a  hyperbolic  subreflector: 

a  Improved  crossover  gain  for  the  same  beamwidtii  separation  and 
modulation  sensitivity 

j>  Improved  modulation  sensitivity  for  increased  beamwidth  separa¬ 
tion  and  the  same  crossover  gain 

•  A  compromise  improvement  for  both:  the  crossover  gain  and 
■  modulation  sensitivity. 

Jh  addition,  the  use  of  electronic  phase  shifters  between  the  entry  and  shorting 
surfaces  of  the  stibreflector  array  provides  a  means  for  an  inertia-less  conical 
scanning  system.  Also  one  might  consider  design  of  the  subreflecto?  avr&y  to 
minimize  the  off-axis  scanning  aberrations  of  the  conical  scanning  feed. 


Subreflector  array  design  is  different  for  the  conical  scanning  feed, 
as  compared  to  a  simple  pencil  beam  feed,  in  terms  of  the  off-axis  feed  re¬ 
quirements  and  the  somewhat  asymmetrical  feed  amplitude  illumination.  The 
effect  of  the  smaO  asymmetrical  illumination  will  be  insignificant.  This  is 
substantiated  by  calculated  performance  for  various  feed  illumination  functions 
with  a  given  subreflector  array.  H)  These  results  indicate  less  than  1. 5-per¬ 
cent  efficiency  change  for  as  much  as  3-dB  change  in  the  feed  edge  taper. 

Subreflector  array  off-axis  scan  properties  will  be  substantially  the 
same  as  that  for  the  replacement  hyperbolic  subreflector.  The  principal  differ¬ 
ence  is  in  terms  of  the  more  nearly  uniform  amplitude  illumination  function 
which  is  characteristic  of  the  subreflector  array.  This  will  produce  a  some¬ 
what  modified  beam  deviation  factor  and  a  somewhat  larger  coma  error  effect 
for  a  given  beam  scan  angle.  This  is  offset,  however,  by  the  reduced  sub¬ 
reflector  array  beamwidth  so  that  substantially  the  same  aberrations  will  be 
evidenced  in  terms  of  beamwidths  of  scan. 

6-2  MONOPULSE  SYSTEMS 

Monpulse  systems,  although  similar  to  conical  scan  systems,  obtain 
tracking  information  by  use  of  fixed  rather  than  scanned  beams.  Monopulse 
feed  types  include  CO  (1)  the  four-horn  feed,  (2)  the  five-horn  feed,  (3)  the 
twelve-horn  feed,  (4)  the  one-horn  feed,  (5)  the  two-horn  dual  mode  feed, 

(6)  the  two  horn  triple  mode  feed,  and  (7)  the  four-horn  triple  mode  feed.  The 
essential  differences  between  feed  types  are  based  upon  polarization  require¬ 
ments  and  the  desire  to  optimize  the  sum  channel  gain  and  the  difference 
channel  slope  by  providing  difference  feed  aperture  sizes  for  the  various  mono¬ 
pulse  channels. 

With  respect  to  the  sum  channel  illumination  function,  the  transforma¬ 
tion  is  the  same  as  for  a  pencil  beam  feed.  A  sum  channel  gain  improvement 
can  be  expected  by  transformation  of  the  tapered  feed  pattern  function  into 
a  more  nearly  uniform  reflector  aperture  illumination  function.  This  is 
indicated  by  the  reported  measurement  results  using  a  single  plane  monopulse 
feed.  The  above  monopulse  and  conical  scanning  feed  discussion  pertains  to 
both  the  cassegrain  and  focal  fed  antenna  geometries.  Substantially  the  same 
performance  would  be  anticipated  using  either  a  subreflector  array  or  a  lens 
array  to  achieve  the  desired  illumination  taper  transformation. 


SECTION  7 


CONCLUSIONS  AND  RECOMMENDATIONS 


This  report  concludes  a  program  of  investigation  concerned  with  the 
development  and  evaluation  of  an  inverse  taper  transformation  technique,  used 
in  conjunction  with  a  parabolic  reflector  to  achieve  high  efficiency  and  low 
noise  temperature  antenna  performance. 

The  design  equations  for  the  subrefiector  array  structure  have  been 
developed.  This  development  is  based  upon  achieving  high  aperture  illumina¬ 
tion,  low  noise  temperature  illumination  functions  which  are  within  the  diffrac¬ 
tion  limitations  of  the  structure,.  The  design  includes  calculation  of  the  entry 
surface  and  shorting  surface  contours  of  the  subreflector  array  and  diffraction 
pattern  performance'  calculation  for  the  unit,.  Shorting  surface  calculations 
include  the  effect  of  input  surface  impedance  parameters,  propagation  path 
icqgth  in  the  multicellular  waveguide  medium,  and.  zoning  to  achieve  either 
aiihirauia  depth  or  maximum  bandwidth  performance. 

A  demonstration  model  based  oh  the  above  design  has  been  built  and 
tested  at  X  bandj.  This  lias  utilised  a  10-foot  diameter  parabolic  reflector  and 
a  linearly  polarized  and  a  polarization  independent  subreflector  array  both  of 
which  are  nominally  15  inches  in  diameter.  Tests  have  been  conducted  using 
both  a  dual  mode  ecnicalpencil  beam  feed  horn  and  a  single  plane  monopulso 
feed. 

To  optimize  model  performance,  tests  have  been  conducted  using 
various  shorting  surface  descriptions.  Single  element  pattern  characteristics 
have  been  examined  in  the  array  environment.  Also,  pattern  measurements 
have  been  made  using  the  feed- subreflector  array  comDination,  as  well  as  the 
feed- subreflector  array-parabolic  reflector  combination.  Surface  mismatch 
effects  have  been  examined  and  various  matching  configurations  have  been 
investigated.  Tests  have  been  conducted  to  determine  the  necessary  shorting 
surface  modification  to  minimize  the  phase  error  due  to  surface  mismatch. 

Tests  performed  on  the  breadboard  model  antenna  include  principal 
plane  and  diagonal  plane  patterns.  VSWR,  gain,  and  antenna  noise  temperature. 

Model  tests  using  both  type  feed  horns  and  the  linearly  polarized  sub- 
reflector  array  indicate  that  antenna  efficiencies  of  68  percent  can  be  achieved 
over  a  ^-percent  frequency  band.  This  represents  a  significant  efficiency 


improvement  as  compared  to  model  measurements  of  51. 3-percent  efficiency 
using  a  conventional  hyperbolic  subreflector.  Model  noise  temperature  mea¬ 
surements  indicate  27 °K  and  32°K  for  the  pencil  beam  and  monopuise  feeds, 
respectively  over  a  ±5  percent  frequency  band. 

Model  tests  using  the  polarization  independent  subreflector  array 
indicate  an  antenna  efficiency  of  43  percent  for  this  configuration.  Optimization 
of  the  shorting  surface  has  not  been  achieved  and  must  await  advances  in  the 
technology  of  subreflector  array  surface  impedance  matching  techniques  for 
dielectric  loaded  elements  in  this  very  special  environment  (curved  surfaces, 
rapid  amplitude  variations,  etc.). 

The  above  model  program  has  been  based  upon  a  parabolic  reflector 
focal  length-to-diameter  ratio  equal  to  0.  4.  Increasing  the  focal  length- to- 
diameter  ratio  to  0. 5,  for  example,  would  improve  the  performance  of  the  sub¬ 
reflector  array  since  the  range  of  incidence  and  reflection  angles  would  be 
reduced  for  this  geometry.  The  degree  of  improvement  with  increasing  focal 
length  to  diameter  ratio  is  not  known  at  this  time.  An  efficiency  improvement 
from  68  percent  to  75  percent  represents  an  upper  limit,  however,  for  a  100 
wavelength  aperture  as  indicated  by  the  theoretical  subreflector  array  calcula¬ 
tions  in  Reference  4.  Also,  due  to  increasing  reflection  angles  some  degradation 
in  efficiency  would  be  predicted  by  reduction  of  the  focal  length  to  diameter  ratio 
0.25. 

The  model  antenna  aperture  size  of  approximately  92  wavelengths  is 
found  to  be  near  minimum  for  a  significant  noise  temperature  efficiency  improve¬ 
ment.  This  is  based  upon  inverse  taper  structure  blockage  which  places  an 
upper  limit  on  the  size  of  the  subreflector  array.  Diffraction  limitations  place 
a  lower  limit  on  the  size  of  the  subreflector  array  which  is  based  upon  the 
resulting  aperture  illumination  efficiency  that  can  fee  achieved.  It  is  concluded, 
therefore,  that  designs  for  smaller  parabolic  reflector  aperture  sizes  will  show 
smaller  efficiency  improvement  and  that  larger  parabolic  reflector  aperture 
sizes  will  show  larger  efficiency  improvements.  Techniques  for  estimating 
efficiency  variation  with  aperture  have  been  established  in  Reference  4.  Typically* 
it  is  estimated  that  an  efficiency  of  60  percent  could  be  achieved  with  a  50  wave¬ 
length  aperture  and  that  an  efficiency  of  72  percent  could  be  achieved  with  a  200 
wavelength  aperture  over  a  5  percent  frequency  band. 

Inverse  taper  transformation  techniques,  for  use  with  a  focal  fed 
parabolic  reflector,  have  been  examined.  The  design  equations  for  a  lens 
array  to  accomplish  the  above  transformation  have  been  established.  The 
utility  of  this  technique  is  limited,  however,  by  lens  array  blockage.  Typical 
efficiencies  which  might  be  anticipated  for  the  focal  fed  geometry  are  the  same 
as  those  for  a  casscgrain  configuration.  That  is,  60,  08  and.  72  percent  fcv  50, 

100,  and  20C  wavelength  aperturesjrespectiveiy.  In  all  esses  for  which  modifi¬ 
cation  of  an  existing  focal  fed  system  is  being  evaluated,  the  use  of  a.  subreflector 
arraj  and  vertex,  feed  should  be  considered  as  an  alternate  to  a  lens  erray  and 
focal  feed. 


By  virtue  of  the  subreflsctor  array  and  the  lens  array  design  the  power 
densities  on  the  structure  will  be  considerably  less  than  those  at  the  feed.  The 
structure  is  sufficiently  simple  so  that  no  significant  high  power  handling  limita¬ 
tions  are  anticipated.  A  high  power  capability  of  up  to  10  megawatts  at  X-Band 
should  not  represent  a  problem. 

The  model  antenna  and  design  calculations  performed  during  the  study 
program  have  been  specifically  concerned  with  X-Banri  operation.  The  design 
techniques  are  directly  sealable  with  frequency.  This  would  permit  structure 
design  and  performance  estimates  for  any  operating  frequency  band  within  the 
range  of.  frequencies  from  0. 40  to  10. 0  GHz. 

The  results  to  date  have  demonstrated  the  present  state-of-the-art 
capability  of  the  inverse  taper  transformation  subreflector  array  technique. 

All  design  areas  have  been  investigated  and  analyzed  in  depth,  particularly, 
aperture  theory,  measurement,  and  mutual  coupling  concepts. 

Element,  pattern  characteristics  and  impedance  matching  for  very 
broad  angles  remains  the  only  significant  problem  area,  particularly  in  the 
H  plane.  With  the  present  model,  the  incidence  angle  from  the  secondary  sub- 
reflector  array  normal,  to  the  edge  of  the  dish  is  much  larger  than  60  degrees. 
The  problem  is  aggravated  at  the  edge  of  the  subreflector  array  since  these 
cells  are  contoured  backward.  The  reflecting  cells  at  the  edge  are  required  to 
illuminate  the  dish  at  wider  angles  than  they  can  "scan",  in  the  H  plane.  There¬ 
fore  the  E-plane  illumination  inherently  drops  off  much  faster  at  the  dish  edge 
than  is  expected  from  simple  ray  optics  or  diffraction  pattern  reflection  pre¬ 
dictions.  A  number  of  techniques  were  unsuccessfully  investigated  during  the 
above  program  to  minimize  this  problem  indicating  that  a  basi  c  technical  break¬ 
through  is  necessary  to  effect  further  improvement. 

The  requirement  for  such  a  wide  "scan"  angle  is  beyond  the  state-of- 
the-art,  60  degrees  being  about  the  upper  limit  of  H-plane  scan.  The  problem 
is  unique,  too,  because  of  the  steep  amplitude  gradient  and  the  spherical  phase 
gradient  which  exists  at  the  surface  of  the  secondary  subreflector  array. 

Usually,  arrays  of  elements  work  in  concert  to  form  a  plane  wave  with  only 
moderate  amplitude  gradients.  Further  theoretical  and  experimental  investiga¬ 
tion  may  lead  to  closer  correlation  to  the  theoretically  predicted  efficiency-noise 
temperature  improvement,  but  the  direction  and  basis  of  such  an  investigation 
is  not  defineable  at  this  time. 
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